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ERRATUM 


Vol. 3, No. 1, p. 121 

Para. 2 of Sujimaky should road : 

2. The anti-diabotogonic activity of the sorum was complotoly absorbed by a prolactin fraction btf 
only partially so by growth and thyrotroph ic pituitary extracts; the activity abolishing the nomi 
glycosuria in partially dopancroatizod rats was absorbed by all throo extracts. 
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FURTHER INVESTIGATIONS ON THE 
MECHANISM OF OESTRONE PRODUC- 
TION IN THE OVARY 

By B. ZONDEK and J. SKLOW 
From the Hormone Research Institute, Hebrew University, J erusalem 
{Received 2 July 1941) 

FoiiLOWiNG the injection of chorionic gonadotrophin into immature female 
rats, oestrogen is produced in the ovary and passes into the circulation 
between the 26th and 27th"hour after the injection. This has been shown 
in two experiments. First, if the injected rat is ovariectomized before 
the 26th hour, oestrus is inhibited, but if the ovaries are only removed 
27 hr. after the gonadotrophin injection oestrus occurs normally [Zondek, 
1940], The time involved has been confirmed by experiments [Zondek, 
1940 ; Zondek, Sulman & Sklow, 1941] in which antigonadotrophin has been 
injected into immature female rats at various times after injecting chorionic 
gonadotrophin. If the antihormone is given up to 26 hr, after the chorionic 
gonadotrophin the normal reactions of the rats (oestrus and the appear- 
ance of ‘blood-points’ and corpora lutea in the ovaries) are partially or 
completely inhibited, while if the antihormone is given 27 hr. after the 
gonadotrophin there is no inhibition. 

It is possible that the oestrogen is produced in the ovary solely in the 
26th hour after the injection but it is also possible that the interval between 
the gonadotrophin injection and the passage of the oestrogen into the 
circulation is occupied by the formation of an oestrogenically inactive 
precursor (‘pro-oestrogen’) in the ovaries. The experiment recorded below 
has been devised to test these points. 

An injection of chorionic gonadotrophin into immature female rats has 
been followed 18 hr. later b}’^ the injection of suflBcient antigonadotrophin 
to neutralize the response of the rats. This antihormone has been followed 
in its turn by a second gonadotrophin injection, 20 hr. after the first. If 
the oestrogen produced is formed in the ovaries only in the single hour 
26 hr. after the injection of gonadotrophin, tlie oestrous response of the 
rats should occur 20 hr. later than it would after the single gonadotrophin 
injection. If, however, pro-oestrogen is already present in the ovaiy' when 
the antihormone is injected this may be transformed into oestrogen under 
the influence of the second gonadotrophin injection so that the oestrous 
response should not be delayed. This is actually what happens. 
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METHODS 

Chorionic gonadotrophin 

The gonadotrophin used was ‘Korotrin’, containing 100,000 i.u./g- 
This was diluted with glucose so that 1 i.u. was present in 6 mg. A dose 
of 0'25 I.u. given to an immatmre rat in six subcutaneous injections pro- 
duced follicle maturation and oestrus (APR I [Zondek, 1926, 1935; Zondek 
& Aschheim, 1927]). 

Antigonadoirophin 

The antigonadotrophin was prepared from the serum of a goat which 
had been subcutaneously injected for several months with a daily dose of 
250 I.u. of chorionic gonadotrophin. The antihormone was obtained as a 
stable dry powder by an acetone-precipitation method [Zondek & Sulman, 
1937]. Its activity Avas assayed by its capacity to inhibit the response of 
immatm’e female rats to the simultaneous injection of chorionic gonado- 
trophin. One anti-unit is defined as that amount which will inhibit the 
activity of 1 i.u. of chorionic gonadotrophin. Our preparation contained 
2*5 anti-units/mg. 

Animal procediire 

The experiment was performed on sixty immature female rats each 
weighing 30 g. TJie chorionic gonadotrophin and antigonadotrophin were 
both given in single injections. Vaginal smears were taken at 12-hr. intervals 
from the 60th to the 120th hour after the first injection — smears being 
taken as positive only when full cornification was present. At the end of the 
experimental period the rats were lulled and their ovaries and uteri 
examined ; the latter were sivoUen in all cases Avhere a positive smear had 
been recorded. 

RESULTS 

A group of twenty-five immature rats were injected with 2-5 i.u. of 
chorionic gonadotrophin per rat. The times at which oestrus occurred are 
given in Table I. 

Table I. Time of oestrons response in immature rats injected with chorionic 
gonadotrophin or chorionic gonadotrophin and antigonadotrophin 



No. of 
rats 

Injections 

A 


No. of rats in oestrus 

K 

Rat nos. 

f ' ■ ' 

Doso 

Time 

r 

GO hr. 

72 hr. 

84 hr. 

6482^606 

25 

2*5 I.u. 

0 hr. 

2 

7 

16 

6507-16 

10 

2*5 I.u. 

6*0 anti-units 

00 o 

f 0 

0 

0 

6517-41 

25 

2*6 I.u. 

6*0 anti-units 

7*5 I.u. 

Ohr.l 
18 hr. 

20 hr.J 

2 

6 

18 
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A further control group was used to show that the antigonadotrophin 
injection given 18 hr. after the gonadotrophin had been given would inhibit 
the oestrous response. It is already known that chorionic gonadotrophin 
rapidly disappears and that 18 hr. after its injection only 15 % of 
the dose can be detected in the body [Zondek al. 1941] so that only 
0’5 anti-unit should be necessary to neutralize the action of 2*5 i.tr. 
given 18 hr. previously. In order to be quite certain that neutralization 
was complete we injected 10 times this amount. A group of ten rats was 
used in this test and no changes occurred in their vaginal smears, ovaries 
or uteri. 

In the main experiment twenty-five immature rats were injected with 
2*5 i.ir. of chorionic gonadotrophin, 18 hr. later with 5 anti-units of 
antigonadotrophin and 2 hr. after the latter injection with a second 
injection of 7-5 ijj, of chorionic gonadotrophin. Reference to the table will 
show that there was no appreciable delay in the onset of oestrus in this 
group of rats when compared with the first group. 

This demonstrates that oestrogen is not produced solely during the 26th 
hour after the gonadotrophin injection and suggests that production of an 
inactive precursor does occur. It might be postulated that oestrogen is 
being formed throughout the 26 hours after the gonadotrophin injection 
but only reaches a threshold concentration at the end of this period. This 
is not, however, borne out by the results of the second control group of 
rats. Subthreshoid amounts of oestrogen may be detected by a decrease 
in the number of leucocytes and the presence of epithelial or comified cells 
in the vaginal smear — this was not found, the vaginal smears being com- 
pletely negative in this group. 

We therefore conclude that an inactive ‘pro-oestrogen’ is formed in the 
ovary during the 18 hr. foUovdng the injection of chorionic gonadotrophin 
and that this ‘pro -oestrogen’ is converted into oestrogen by the second 
gonadotrophin injection. 


StnUilABY 

Previous work has shown that oestrogen passes into the circulation during 
tlie 26th hour following injection of chorionic gonadotrophin into immature 
rats. 

Oestrus may be prevented by an injection of antigonadotrophin into the 
rats 18 lir. after the injection of chorionic gonadotrophin, but if a second 
dose of chorionic gonadotrophin is injected 2 hr^ after the antihorraone, 
oestrus occurs at the same time as it would have occurred if the first 
injection alone had been given. 

It is concluded that an inactive ‘pro-oestrogen’ is formed in the ovary 
dining tlie IS hours after the injection of chorionic gonadotrophin. 
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Tliis worl?: Jiaa been carried out witJi the aid of a grant from the Rocke- 
feller Foundation. We are very grateful to the Wintlmop Chemical Com- 
pany, N.Y., for the supply of ‘Korotrin’. 
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CORTICOTROPHIC ACTIVITY IN PREGNANT 
MARES’ SERUM 

By Y. M. L. GOLLA akd M. REISS 
From ike Burden Neurological Institute, Stapleton, Bristol 
{Received 8 July 1941) 

It is a weU-known fact that hypophysectomy leads to a decrease in the 
size and weight of the adrenal glands with diminution of the lipoid contont 
of the cortex and consequent development of a sudanophobe zone in the 
zona fasciculata. Administration of anterior pituitary extracts in hypo- 
physectomized animals causes an increase in the size and weight of the 
adrenals, restoration of the lipoid content and disappearance of the 
sudanophobe zone. 

Various methods have been proposed for the standardization of such 
pituitary corticotrophic extracts. CJoUip, Anderson & Thompson [1933] 
removed and weighed one adrenal from rats 10 days after hypophys- 
ectomy; the rats were then treated with extract and the increase in 
weight of the remaining adrenal was measured. They had already estab- 
lished that after removal of the first adrenal under these conditions there 
is no compensatory hypertrophy of the second, owing to the absence of 
the pituitary corticotrophic action. They found a mathematical relation 
between the dose of extract and the increase in adrenal weight. Bates, 
Riddle & MiUer [1940] used the increase in the adrenal weight in 2-day-old 
chicks as the basis of their assay. Reiss, Balint, Oestreicher & Aronson 
[1936] found that the sudanophobe zone disappeared in hypophysectomized 
rats treated with pituitary extracts in doses that did not necessarily cause 
an increase in adrenal weight and accordingly used this test as a method 
for standardizing extracts. They found that the activity of extracts in 
causing disappearance of the sudanophobe zone was not always paralleled 
by the activity in causing increase in adrenal weight. 

The experiments described below tend to show that there are in fact two 
different corticotrophic factors responsible for these two types of activity, 

EXPERniENTAli 

It has been found that injections of pregnant mares’ serum or serum 
extracts into hj-pophyscctomizcd rats vriW prevent the further atroph 3 " of 
the adrenals or lead to an increase in adrenal weight and that injections 
of the scrum into O-dej’-old chicks invariably’ causes an increase in adrenal 
weight. Some sera of other animals (rabbits, rats, etc.) have occasionally 
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also sliown similar activity. In no single instance, however, in spite of 
very large dosage, has treatment of hypophysectomized rats with pregnant 
mares’ serum caused the disappearance of the sudanophobe zone. 

Table I shows the results of a series of injections of active extracts into 
hypophysectomized rats. The right adrenal was removed some days after 
hypophysectomy to serve as a control. TJie left adrenal was removed after 
the animal had been treated with pituitary corticotrophic extract, acetone- 
dried pregnant mares’ serum or Avith a sample of boiled serum. It can be 
seen that there Avas an increase in adrenal Aveight folloAving the injection 
of all three substances, though in none of the cases does the mcrease bear 
any close relation to the dose used. The sudanophobe zone disappeared onty 
in the animals injected Avith the pituitary extract and in this experiment 
there does appear to be a relation betAA^een dose and response. 


Table I. Response of liypo])Ji]/secto7nized rats to corticotrophic 
extracts injected twice daily for 7 days 

After treatment 


Right adrenal before treatment 

K , 


Loft adrenal 


(c) 



Removal 


Siulano- 

Daily 

Wt, of 


Sudano- 

Rat 

days 

Weight 

pliobo*^ 

dose 

testes 

Weight 

phobe* 

no. 

pOSt'Op. 

mg. 

zone 

mg. 

mg. 

mg. 

zone 

Treatment with pituitary corticotropliin 





333 

12 

8*0 

— 

2x0*6 

450 

8*0 


335 

12 

8*0 

— 

2x0*0 

330 

0*5 

— 

336 

12 

7*0 

— 

2x 1*0 

420 

8*0 

— 

337 

12 

7*0 

— 

2x 1*0 

660 

7*0 

— 

338 

13 

7*0 


2x2*0 

380 

8*0 


339 

10 

7*0 

--- 

2x2*0 

400 

7*0 


340 

10 

6*6 

— 

2x3*0 

380 

7*0 


341 

11 

6*0 

- 

2x3*0 

400 

6*0 


Treatment with dried pregnant mares' serum 




239 

16 

3*0 

— 

2x26 


7*0 


226 

22 

6*0 

— 

2x25 


7*0 

— 

225 

17 

6*0 

— 

2x25 

. . . 

7*0 


247 

13 

4*6 


2x26 

840 

8*0 

— 

252 

13 

4*0 

— 

2x26 

660 

8*0 

— 

310 

15 

6*0 

— 

2x25 

1100 

0*6 


311 

16 

6*0 

— 

2x26 

880 

8*0 

— 

312 

15 

7*0 

— 

2x 10 

1400 

7*0 


313 

16 

6*0 

— 

2x 10 

1100 

7*0 

— 

314 

16 

5*6 

- 

2x37 

1200 

6*0 

- 

Treatynent xoith boiled pregnayit 

mares' serum 




315 

16 

5*5 

— 

2x26 

340 

6*0 



317 

15 

6*0 

— 

2x26 

380 

8*0 



318 

15 

5*6 


2x 10 

380 

7*0 

— 

319 

15 

4*6 

— 

2x18 

360 

6*0 

— 


Sudanophobe zone present, lipoids absent. 

Lipoids j)resent in cortex and disappearance of sudanophobe zone. 
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The experiment with the boiled serum shows clearly that the gonado- 
trophic activity is destroyed leaving the corticotropbic activity xmaffected. 
The histological appearance of control and treated adrenals is shovTi in 
Plate I, figs. 1-4. 


Table 11. Effect of treating ^-day-old chicks with 'purified 
gonadotrophin from pregnant mares' serum 

Average weight in mg. of: 








-I 

chicks 

Treatment 


Comb 


Testes Thyroid 

Adrenals 

6 

Controls 


18-5 


7-3 50 

13-5 

5 

2 I.TJ. daily for 7 days 


65-6 


14-0 5-1 

14-0 

6 

4 i.TT. daily for 7 days 


94-8 


18-6 4-2 

16-8 

6 

16 i.u. daily for 7 days 


127-4 


55-9 6-3 

17-9 

8 

32 Ltr. daily for 7 days 


237-7 


79-0 5*8 

20-3 

Table III. Effect of oestrone treatment 

on hypertrophy of the 


remaining adrenal in unilaterally adrenalectomized rats 







Daj's between 




Weight of adrenals 

removal of 



/ — 


— ^ 


— s right and Compensatory 


Body weight Right 


Left 

investigation hj-pertrophy 

Animal no. g. 

mg. 


mg. 

of left adrenal 

%^vt. 

(a) Untreated controls 






57 

163 

12 


16 

13 

33 

59 

176 

13 


22 

13 

69 

GO 

175 

12 


19 

16 

58 

Cl 

220 

11 


16 

16 

45 

63 

212 

10 


16 

12 

60 

04 

189 

14 


23 

12 

64 

05 

180 

14 


19 

12 

50 

GO 

210 

12 


18 

12 

50 

(6) Treated toilh 50/ig. oestrone daily 






49 

194 

10 


24 

16 

140 

50 

212 

10 


25 

16 

150 

51 

180 

10 


31 

16 

210 

52 

228 

10 


35 

16 

250 

63 

195 

12 


19 

15 

58 

64 

223 

11 


25 

13 

127 

55 

173 

11 


19 

15 

73 

,50 

228 

14 


23 

12 

C4 

(c) Treated with 1*2 my. oestrone daily 





25 

170 

13 


28 

15 

115 

26 

220 

12 


23 

15 

92 

27 

185 

14 


26 

10 

SC 

2S 

204 

11 


42 

12 

290 

29 

1S7 

II 


25 

15 

127 

30 

204 

12 


34 

15 

1S3 

31 

170 

10 


35 

14 

250 

32 

22G 

13 


32 

15 

140 
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Table II shows the increase in adrenal weight produced in 9-day-old 
chicks by injections of a purified pregnant mares’ serum preparation; in 
this case there is a more definite relation between dose and response. 

These results clearly indicate that there are two separate corticotrophic 
factors present in pituitary extracts and it has been found possible to 
demonstrate their independent existence by using oestrone injections. The 
second adrenal of a unilaterally adrenalectomized rat hypertrophies, 
increasing in weight by about 70 %. If oestrone is injected after removal 
of the one adrenal the hypertrophy of the remaining gland is much more 
pronomiced and its weight may increase by 260 %. Oestrone, however, 
when injected in unilaterally adrenalectomized hypophysectomized rats 
causes no adrenal hypertrophy so that the effect in intact rats must be 
due to stimulation of the pituitary to produce corticotrophin. In the 
animals in which oestrone does increase the adrenal h3^ertrophy there is 
no evidence of increased secretion of the factor responsible for disappear- 
ance of the sudanophobe zone; in fact sudanophil lipoids may disappear 
completely from the cortex drtring the oestrone treatment. It thus appears 
that oestrone stimulates the pituitary to secrete the factor increasing 
adrenal weight but does not affect the factor causing disappearance of the 
sudanophobe zone in hypophysectomized rats (see Table III). 

DISCUSSION 

These experiments strongly suggest the presence of two different factors 
in pituitary corticotrophin — one affecting adrenal weight, the other the 
distribution of lipoid in the cortex. The former alone is present in pregnant 
mares’ serum and it is quite distinct from the gonadotrophin present in 
the serum. 

The absence of correlation between dose and response of the factor 
increasing adrenal weight is probably explained by the differing degrees 
of adrenal atrophy present in different rats. The adrenal weight falls from 
12 to 6-8 mg. in the first 10 days after h3q)ophysectomy and in the next 
3 weeks falls stiff further to 3-5 mg. It is probable that the response of the 
adrenal is dependent on the initial weight of the gland. This would explain 
the fact that the dose is related to response in the 9-day-old chick. 

The physiological function of the two factors cannot yet be suggested 
though their distinction is interesting in view of the facts recently estab- 
lished that the adrenal cortex produces more than one hormone. 

SUMMARY 

The weight of the adrenal gland in hypophysectomized rats and in 
intact 9-day-old clucks is increased by injections of pregnant mares’ seriun. 
This activity of the serum, unlike the gonadotrophic activity, is not 
destroyed by boiling. 
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The substance responsible, unlike the corticotrophin present in anterior 
pituitary extracts, does not restore the lipoid content of the adrenal cortex 
in hypophysectomized rats. 

It is concluded that there are two different components of the cortico- 
trophin in the pituitary gland and it is shown that oestrone injection 
stimulates secretion by the pituitary of the adrenal-weight-increasing 
factor without stimulating secretion of the factor affecting the cortical 
lipoids. 

We are very grateful to Messrs Organon Ltd., London, for completing 
the organic preparations used in this investigation. 
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Description of Plate I 

Figs. 1, 2, Adrenals from the same rat. The left adrenal (fig. 1) was removed 10 days after 
hypophysectomy. The right adrenal (fig. 2) was removed 7 days later after daily treatment 
with pituitary corticotrophin. 

Ficrs. 3, 4. Adrenals from the same rat. The left adrenal (fig. 3) was removed 10 days after 
hypophysectomy. The right adrenal (fig. 4) was removed 7 days later after daily treatment 
with an extract of pregnant mares’ serum. 

Frozen eeeUons stained with hoematoxylin and eosin. Magnification (x 25] is the same in 
all coses. 



FURTHER OBSERVATIONS ON THE ROLE OF 
PROGESTERONE (PREGNANEDIOL) AND 
OESTROGEN IN PREGNANCY 

By a. M. HAIN 

From the Institute of Animal Genetics, Edinburgh University 
{Received 19 July 1941) 

In the previous report [Hain, 1940], ^vith a view to examining hormone 
changes associated with the birth mechanism, the author investigated the 
output of pregnanediol and of the two combined oestrogens in women 
approaching partimition and also in one woman throughout the whole of a 
normal pregnancy. The larger series comprised both normal and toxaemic 
patients, none of whom received therapy ; in no instance Avas tlie amount 
of free oestrogen excreted estimated. 

The present series investigates the problem of pregnancy and partimition 
from a different angle, in that it seeks to ascertain the hormone output 
associated Avith abortion. The series consists of women AAuth histories of 
previous miscarriage or shoAving signs of threatened abortion in the preg- 
nancy investigated, and falls into tAvo parts : the first consisting of five Avomen 
in whom both the oestrogen and the pregnanediol outputs Avere ascertained 
at very frequent intervals, and the second of over 100 patients in Avhom, 
partly owing to the difficulty of doing biological assays rmder war con- 
ditions, only the pregnanediol output was investigated at intervals of 
3-4 weeks throughout pregnancy. In some instances it Avas possible to 
correlate the pregnanediol output Avith Aschheim-Zondek tests in the same 
individual. In a limited number of cases hormone analyses Avere made for 
specific reasons, e.g. prolonged sterility, diabetes, pregnancy toxaemia. 

METHODS 

Extraction of oestrogens from urine. The method of hydrolysis and 
separation of the combined oestrogens used in the tAvo preAdous series 
[Hain, 1939, 1940] and described in 1939 Avas again employed. As the 
hormone concentration is Ioav during the early months of pregnancy, a 
48-hr. output of urine Avas ahvays used. Of this approx. 800 ml. Avere used 
for combined oestrone, 400 ml. for combined oestriol and 1000 ml. for 
pregnanediol. ToAvards the end of pregnancy, Avhen it Avas necessary to 
estimate also the amount of free oestrogen, 500 ml. of the urine previously 
allocated to pregnanediol AA’^ere used, since, oAving to the increased excretion 
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of pregnanediol, less urine was required for this latter analysis. The method 
of separation of free oestrogen was the same as that for combined, but 
without hydrolysis. An aliquot portion of urine was acidified with con- 
centrated hydrochloric acid (generally 40 ml. to a litre of urine) and was 
then extracted with crystallizable benzene in a continuous extraction 
apparatus for 24 hr. Its subsequent preparation and assay on ovariec- 
tomized mice were on the lines employed for the combined o estrogens in the 
present and previous series [1940]; the activity was expressed in terms of 
the international standard of oestrone as determined by biological assay 
[Hain & Robson, 1938]. 

Pregnanediol, The gravimetric method for the determination of sodium 
pregnanediol glucuronide in urine described by Venning [1937, 1938] and 
used by the author on the previous series was again employed. All values 
are given in terms of pregnanediol by means of the formula prescribed by 
Venning, and, as in the case of the oestrogens, the output is estimated per 
24 hr, Venning’s range of excretion in eight cases of normal pregnancy 
[1938] was adopted as the standard of comparison for pregnanediol values. 
The clinical history of cases is given as fully as the circumstances allow. 

FIRST SERIES 

This small group of five consists of; two sisters who had had two and 
three miscarriages respectively and who carried through successfully the 
pregnancies investigated; one woman with a similar past who aborted at 
22 weeks; a fourth woman with only one previous miscarriage who was 
followed throughout a successful pregnancy ; and a normal woman in whom 
daily analyses were made during the last 12 days of pregnancy. This patient 
served as a control as regards the output of free oestrogen which might have 
been of an abnormal nature in the women who had previously miscarried. 
All the members of this group, except the normal control examined during 
the last 12 days of pregnancy, received therapy on account of their 
miscarriages. 

The author vishes to record her indebtedness to the two sisters, P7 and 
P8, for their devoted perseverance in the troublesome task of urine col- 
lection over a period of 9 calendar months. The history of P7 is as follows: 

Case P7 

History, At time of birth of child, aged 36: two miscarriages in 2 years: at 
G weeks (1937) and at G months (1938), when a live male child was bom but died 
after a few hours. Menstrual cycle 3-4 daj's every 24—25 daj's; some d\* 5 mcnor- 
rhoea but not after marriage; loss considerable. 

Therapy, During first two pregnancies th^Toid only. During the pregnancy 
under investigation: (a) Desiccated tluToid 2 grains daily except during last 
month of pregnancy when 3 grains daily, as slight oedema of ankles developed. 
(^>) 1 itamin E: 300 capsules Fcrtilol during first G months of pregnancy: three 
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capsules a day for first 3 months, one a day afterwards, (c) Progesterone: three 
injections of 10 mg. each weekly for 2 weeks when 30 days pregnant because of 
slight threatening of miscarriage. Thereafter 5 mg. weekly till 8th month when 
10 mg. weekly for 3 w'eeks. During last 5 weeks of gestation only one dose of 
10 mg. was given, namely, at 3 weeks before parturition when a drop in preg- 
nanediol output caused fears of premature deliver 3 \ With that exception, both 
in P7 and in P8 progesterone therapy was suspended during the last 5-6 weeks 
of gestation lest its administration should dela 3 ’’ parturition, (d) Rest: in 
bed for 3 ■weeks when discharge at 30 daj's caused fears of miscarriage ; thereafter 
in bed for one week each month, and for first 5 months lived what she called a 
‘vegetable existence’. 

A healthy, living child weighing lb. was born on 4 Dec. 1939, 276 days 
after the last menstrual period, following a labour lasting only 3 hr. ; the 
action of the uterus was ‘tremendously strong’. 

Experimental procedure and res^dts 

Pregnanediol estimations were commenced 10 days after the last men- 
strual period and before pregnancy could be diagnosed. the 23rd day 
of the cycle it could be seen that pregnancy existed, as the total output of 
pregnanediol was double the output in the luteal phase of a normal men- 
strual cycle. The details were published [Hain & Robertson, 1939] and 
demonstrated that it was possible to diagnose pregnancy before a period 
had been missed and before the Aschheim-Zondek test gave a definite 
positive reaction. 

Estimations of pregnanediol output were continued at intervals of 2-3 
days until the 130th day, as some anxiety was felt at the absence of any 
appreciable rise in output. MacGregor & Stewart [1939] had reported a 
marked rise in the excretion of pregnanediol between the 60th and 90th 
days, although no such peak occurred in the chart given by Venning [1938] 
comprising data of eight normal pregnancies. It is probable that the feature 
noted by MacGregor & Stewart was abnormal as, in a series of cases 
investigated, the author has found its occurrence to be associated with 
anomalous features. From the 130th day until the last month analyses 
were made once weekly ; during the last month of gestation more frequent 
estimations were made at 3-4 day intervals, and daily during the last 
fortnight. 

Reference to Fig. 1 shows that the pregnanediol output was low through- 
out the whole of gestation. During the first 4| months it remained almost 
stationary, between 10 and 14 mg., whereas, according to Venning, it 
should have been doubled. The low output is most marked, however, from 
this stage onwards when, with hardly an exception, the highest point 
reached is below Venning’s [1938] minimum for the same stage. No peak 
occurred during the 8th and 9th months such as is normally found at this 
stage and the maximum was about 40 mg. It is interesting to observe. 
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however, that the rhyi^hmic rise and fall in pregnanediol output which 
preceded parturition in the author’s case 48 [Hain, 1940] was observed here 
also. A shorter period was covered by this phenomenon, as events appear 
to have been precipitate during the last 6 days of gestation, the drop in 
pregnanediol being accompaniedby a s'ensational drop in combined oestrone. 



Fig. 1. Case P7: tho excretion of pregnanediol and oestrogens throughout pregnanev. (From 

the 2C0th to 280th days double scale is used for greater clearness.) O O propanediol 

{PL); X X combined ocstriol {OL); ■ ■ combined oestrone (0); • free oestro'^en 

(to bo read against scale for oestrone). L=: labour; parturition. 


The combined oestrogen excretion did not present an\" abnormal 
features. During the first 3 months the output of both combined oestrone 
and combined ocstriol is low — a normal feature. At the 4th month this 
begins to rise until, by steps, the output of combined oestrone reaches a 
maximum of 5-7 mg./24 hr. 11 days before parturition. After an initial 
fall and rise (indicative of the rludihm previously commented upon), a 
rather precipitate drop occurs in the subsequent 6 days until only 1-0 mg. 
is excreted on the day that labour commences. The cur\-e for ocstriol is 
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less steep, although fairly high values are reached, its nature being deter- 
mined probably by the pregnanediol excretion. 

At intervals from the 235th day onwards the amount of free oestrogen 
excreted was also determined. During the last 6 days of gestation daily 
estimations were made (with a single exception owing to a small urinary 
output), as it is diming this time that, according to Cohen, Marrian & 
Watson [1935], there occurs a rise in the free forms of oestrogen ivhich, they 
suggest, may prove to be an important factor in the initiation of labour. 
However, the amount of free oestrogen recovered remained remarkably 
stationary, as can be seen on reference to Fig. 1. It is unlikely that it 
played any part in the birth mechanism in this patient. 

If the data be examined for any light that may be thrown on the possible 
cause of the previous miscarriages, two features are remarkable: {a) The 
loio pregnanediol outpiit, indicating deficient secretion of progesterone or a 
faulty formation of the glucuronide. At the time when the placenta should, 
presumably, be taking over the secretory function of the ovaries — namely, 
at 3^-4 months — the previous level of excretion was barely maintained; 
subsequent levels caused anxiety throughout the whole of pregnancy and 
rendered the outcome in doubt up to the end. The only encouraging feature 
was the normality shown by the combined oestrone output. (6) Combined 
oesirone output. This, however, reached such levels as to suggest that a 
sudden marked rise in oestrogen with an equally sudden fall might have 
played as great a part in previous miscarriages as a deficient progesterone 
metabolism. The shortness of the labour process can hardly be ascribed to 
the high oestrone level attained, in view of the absence of any such correla- 
tion in the cases previously analysed [Hain, 1940] but may denote a highly 
sensitive uterus — another contributory factor to abortion. 

Case P8 

History. At time of birth of child, aged 30; three miscarriages in 2 years: 

(1) Feb. 1937 at 2| months; (2) Nov. 1937 at 6 weeks; (3) Dec. 1938 at 6 weeks. 
Appendicectomy Feb. 1938. Patient curetted after each miscarriage. No treat- 
ment given during first pregnancy but one capsule of vitamin E was taken daily 
between first and second pregnancy. During third gestation four vitamin E 
capsules were taken daily and two injections of 5 mg. progesterone were given 
before miscarriage occurred. Patient did not rest in bed. 

Therapy during this {4th) pregnancy: {a) Progesterone: 10 mg. weekly from 
end of 2nd month to 74 months when reduced to 6 mg. weeldy for 5 weeks. No 
progesterone given after 35 weeks. The patient lay in bed from 14 May to 25 Sept. 
1939 and took things very quietly when she got up. No vitamin E capsules and 
no special diet, but calcium, iron and vitamin A were administered. Owing to 
a rise in blood pressure to 140/100 and trace of albumen in the urine 1 week 
before term, patient was put on light diet until delivery. Delivery was quick 
and easy and took place on 23 Jan. 1940. 
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Experimental procedure 

Pregnanediol estimations carried out during the whole of the luteal phase 
of the menstrual cycle preceding conception showed that this patient 
possessed normal ovarian function, Erom the 41st day after this menstrual 
period the pregnanediol output was estimated at weekly intervals until the 
260th day, when estimations were made every 4 days and then daily until 
term. The combined oestrogens were determined monthly for months 
from which time weekly determinations were made until the last fortnight 
when daily values were obtained. Values for free oestrogen were ascertained 
at various times from 180 days onwards and almost daily during the last 
week of pregnancy. In addition, the amount of gonadotrophic hormone 
excreted at the end of gestation was determined by Frank’s modified 
method [1939], immature female rats being used for the assay. 

Results 

The data are charted in Fig. 2. Throughout the whole of pregnancy PS’s 
pregnanediol output was higher than that of P7, and at no time was 
anxiety felt regarding her progesterone secretion. From approximately 
6 months the values step up gradually and rhythmically imtil a peak of 
100 mg./24 hr. is reached on the 262nd day, from which time the output 
rises and falls rhythmically until labour occurs at a 34 mg. level. The 
definitely rhythmic character of both the pregnanediol and combined 
oestrone output is clearly shown in Fig. 2a. 

The oestrogens present interesting features. The extraordinary rise in 
oestrogen excretion between the 211th and 224th days culminating in the 
peak of the 217th day occurred in all three forms: combined oestrone and 
oestriol and free oestrogen. It has already been pointed out [Hain, 1940] 
that parturition is preceded by a marked rise in the amount of oestrogen 
excreted in combined form, this rise occurring usually 12-18 days before 
parturition, to be followed by rhythmically decreasing values. The features 
presented by the oestrogens between the 211th and 240th days were so 
suggestive of impending parturition (or abortion) that the patient was 
asked if any unusual circumstances existed at the time which might have 
been responsible. It transpired that during the week before the peak 
excretion of the 217th day her husband left rith the British Expeditionaiy^ 
Force for France and that a friend staying in her house aborted after a 
few days’ illness. These two circumstances affected the patient seriously- 
and she was nervous lest she too should abort. It is of interest that in the 
same patient lactation ceased 3 months after labour coincident with 
another emotional upset. It seems likely that in those instances in which 
abortion occurs as the result of severe mental disturbance, the effect is 
produced by emotional influence passing from the h}T>othalmus to the 
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pituitary and thus affecting the secretion of oestrogen. I am indebted to 
Prof. Johnstone for this suggested interpretation, Avhich seems justified by 
the facts of this case,^ 



Pig. 2, Case P 8 : the excretion of pregnanediol and oestrogene througliout pregnancy. (From 

the 260th to 280th days double scale is used for greater clearness.) O O pregnanediol 

{PL); X* X combined oestriol (OZr); ■ ■ combined oestrone (0); • free oestrogen 

(to be read against scale for oestrone). i = labour; parturition. 

Reference has already been made to the observation that Cohen et al. 
[1935] found a rise in the free forms of oestrogen at the approach of labour. 
A similar finding in a case of abortion was recorded by Palmer [1938]. The 
absence of any increase in free oestrogen in P7 and in case 70 (beloAv), and 
its existence in P 8 at a time when combined oestrone was excreted in 
abnormally large amounts, suggest that this may be one of the factors 
responsible for abortion in certain cases and for parturition in others, but 

^ I am informed by the Edinburgh Pregnancy Diagnosis Laboratory that when profound 
emotional disturbance exists in a non-pregnant woman, the Asohheim-Zondek test sometimes 
gives a weak positive reaction, indicating an exceptionally high pituitary activity. 
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it is clear that it is not a necessary participant in the process. In P8 the 
excretion of free oestrogen remained almost stationary at a low level 
during the 6 days precedLig labour. Regarding the remaining oestrogen — 
combined oestriol — it will be noted on reference to Eigs. 2 and 2a that its 
outline and that of combined oestrone are similar, from which it would 
appear that the amomit of oestriol excreted is determined by the amount 
of oestrone available for conversion by progesterone rather than by the 
amount of progesterone secreted. 



Fio. 2a. Case P8: the excretion of pregnoncdiol and ocstrogens during last 19 daj^s of 
pregnancy, showing pre*parturilional rhythmic swing. For key to sj-mbols sec Figs. 1 and 2. 

In view of the obvious rhythm present in the rise and fall in hormone 
elimination in the three combined forms during the last few da 3 ’s of preg- 
nanc 3 % a rh^^thrn which has beSn observed as an integral part of the pre- 
labour process (Hain [1940] and in four cases described and illustrated 
here), it appeared desirable to ascertain to what extent tliis phenomenon 
could be attributed to waning pituitary activit 3 \ Such a theor\’ was 
rcccntl}’ put forward b^" Robson [1940a] as a possible explanation of the 
mechanism of parturition in the rabbit, and the rln^thin that has been here 
described certainly points to some such control. The equivalent of 40 ml. 
urine taken from the 24 hr. specimens passed S daj’s and 48 hr before 
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labour, in the case of P 8, gave almost identical results when injected into 
immature female rats. There v'as thus no indication of a marked drop in 
gonadotrophic hormone excretion during the last 8 days of pregnancy in 
association with the drop in combined oestrogen and pregnanedioL It is 
to be hoped that, with the arrival of accurate analyses of hormone con- 
centration in the blood, this problem will be clarified. 

The three miscarriages recorded by this patient occurred before the 3rd 
month, at a time when progesterone secretion is naturally low and when 
•pregnancy can be most readily interrupted. The data suggest that, although 
a progesterone deficiency might have been responsible for these mishaps, 
the susceptibility of the patient’s pituitary to emotional mfluence might 
have contributed in considerable measure to the issue as it so nearly did in 
the pregnancy under review. As having bearing on the familial character 
of hormone deficienc}’^ it is of interest to note that a tliird sister had a 
similar history of miscarriages before success was attained; also the motlier 
of P 11, the next case to be described, had five miscarriages before she gave 
birth to live children. 

Before leaving these two cases, of which such full data are available, it 
may be pointed out that in neither of the patients was there any fluctua- 
tion in hormone output observable at what might correspond to monthly 
periods. It might be argued that any possible fluctuation was obscured 
owing to additional therapy and rest being taken at these times. However, 
when one considers the extent to which the length of the menstrual period 
varies in the same individual, it is unlUjely that after 3 months at most 
there was any coincidence of date and treatment. A cyclic excretion of 
oestrogen during pregnancy, with peaks every 24-29 days, has been 
reported by Browne & Venning [1936], Smith & Smith [1936], and of 
pregnanediol by Bachman, Leekley & Hirschmann [1940], The evidence 
is not clear, however, and in the single case shown separately by the last- 
named authors the peaks of pregnanediol were at intervals of 2, 3, and 
4 weeks respectively. 

Case Pll 

In the two patients already described, pregnancy had a successful 
termination; in Pll a miscarriage occurred in spite of similar therapy, 
which, however, was not commenced until the 3rd month, making the 
cases not strictly comparable. The data are as follows : 

History. Aged 28 in Sept. 1939 ; three miscarriages in 3 years: (1) at 6J months 
(1935), (2) at 2 months (1936), (3) at 5i months (1937) — in the two latter years, 
after extra fatigue. 

Therapy. Iron, calcium, thyroid, vitamin E and progesterone during 3rd 
month, before coming to Scotland. From 4th month onwards vitamin E cap- 
sules three daily, 2 mg. progesterone every 3rd day, increased to 5 mg. x 2 during 
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he week corresponding to suppressed periods when the patient stayed in bed; 
klso thyroid and calcium. 

Outcome. Miscarriage occurred at 22 weeks in spite of administration of 35 
mits of progesterone and morphia during the 24 hr. following the first appearance 
)f the symptoms. Prof. Johnstone, to whom I am indebted for the case, was of 
}he opinion that there was a sudden increase in the liquor amnii which was 
sertainly excessive; hydramnios was present and there might have been some 
3 vular defect, although the foetus appeared normal. This was the patient’s 
fourth miscarriage ; a fifth occurred in 1940. 

Experimental procedure 

Hormone estimations were begun at 3 J months and terminated ^vith the 
miscarriage at 5| months. Pregnanediol analyses were made at weekly 
intervals and the combined oestrogens monthly. Three days before preg- 
nancy terminated an estimation was made of the free oestrogen excreted. 

Results 


The data in Pig. 3 show that Pll’s excretion of pregnanediol was such 
that there was no reason to be anxious about her condition, or to anticipate 


the disastrous outcome which came so 
suddenly. Indeed, 3 days before her 
miscarriage the pregnanediol output (at 
34 mg. in 24 hr.) was entirely satisfactory 
as can be seen when comparison is made ^ 
with other records at the same stage ; for ^ 
example, P7=19-5 mg., P8 = 36 mg., 
and Venning [1938], 22-43 mg. (range of ^ 
normality for 5-5^- months’ pregnancy). ^ 
Similarly, the combined oestrone was 
not unduly high, the figure of 1-4 mg. a 
fortnight before abortion comparing with 
0*9 mg. in P7 and 1*3 mg. in P8 at the 



same stage of pregnancy. Nor did a rise Months pregnant 


in free oestrogen occur such as Palmer Fig. 3. Cose Pii: the excretion of 


[1938] observed in his case: this was p^gnanediol and combined oestrone. 
A AAo « j \ r 1 Abortion (.4) at 22 weeks while recei\*ing 

3 mg. 3 days before abortion. therapy. Note rhj’thm in pregnanediol 

There is, however, one bb^dous feature output, o O pregnanediol (PL); 

illustrated in Fig. 3, that is, the rhythmic * ■ 


nature of the pregnanediol output, a feature absent from the oth^^r charts 
at the same stage and one which, the author suggests, denotes a control 
tliat has frequent 1}^ been observed before the onset of labour. Later 
on in this report several other instances will be given of miscarriage 
occurring at high levels of pregnanediol excretion. Only frequent analyses 
could determine whether such a control, as was present in t lie case of P 11 . 
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was responsible for the outcome in these cases also. It is readily under- 
stood that when such an abnormahty is coupled with a possible ovular 
defect, even large amounts of progesterone would probably be unsuccessful 
in maintaining pregnancy. 

At the time of this patient’s fifth miscarriage 4 months later, her output 
of pregnanediol (12 mg, at almost 2| months) was again satisfactory for 
the stage of pregnancy. The oestrogen excretion was not ascertained, but 
it is interesting to note that the Aschheim-Zondek test 3 days before’ the 
miscarriage (and 2 days before the pregnanediol analysis) was strongly 
positive, suggesting normal activity on the part of the placenta as regards 
chorionic gonadotrophic hormone. There was, thus, no faU in excretion of 
the latter such as sometimes occurs as a prelude to abortion. 

Case 70: Noi'mal control 

In view of the possibility that the absence of any rise in the excretion of 
the free form of oestrogen at the approach of labom was a featime common 
only to the abnormal cases above described, the hormone output of a 
normal woman, receiving no therapy, was investigated during the last 12 
days of pregnancy. Fig, 4 shows that the output of free oestrogen remained 
stationary at a very low figure and cannot have played any part in the 
birth mechanism. Other noteworth}'^ features, held in common by the cases 
already described here and in 1940 [Hain, 1940], are: the similarity in 
outline of the curves of the combined oestrogens and of pregnanediol, their 
rhythmic rise and faU, and them falling trend diming the days immediately 
preceding labour. As has been noted in other cases elsewhere [Hain, 1940] 
the labour specimen of urine contained more combined oestrone than was 
excreted 2 days earlier. 

Case PdO 

Clinical details. Miscarriage at 6| months, 1939, due to intra-uterine death, 
cause unlmoAvn. Present pregnancy: slight losses of blood at 1, 2 and 24 months. 
Progesterone ; 6 mg. twice weekly from beginning of 3rd month to end of 7th ; 
also three vitamin E capsules thrice daily. Live child 27 Oct. 1940, at 84 months. 

Of the oestrogens, only combined oestrone was estimated in this patient, 
and unfortunately, owing to difficulties in submitting a second day’s 
specimen of urine in the latter part of pregnancy, the data for oestrone are 
scanty at that stage. 

According to the dates given by the patient, she was 2| months pregnant 
at the time of the first hormone estimations, but when labour was induced 
at what would have been 9^ months, the nature of her pregnanediol curve 
showed that labour was not yet due, and this was confirmed by the child 
being slightly premature at birth (almost 5 lb. in weight and 16 in. long). 
As an error of approximately 1 month was made, the chart (Fig. 5) has been 
brought into line with later information. 
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Days before parturition 

Fio, 4. Case 70: the excretion, of pregnanediol and oestrogens bj’’ a normal woman during 

last 12 dayB of pregnancy. O O pregnanediol {PL)\ x x combined ocstriol {OL); 

■ ■ combined oestrono; • free oestrogen (to be read against scale for oestrone). 

labour; P= parturition. Note pro-parturitional swing. 
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Fio. 5. Case P40: the excretion of pregnanediol {PL) and combined oestrone (O) 
throughout pregnancy. For key to symbols see Fi^. 1. 2 and 4. 
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The outstanding feature about P40 (Fig. 5) is the extraordinarj' drop in 
pregnanediol output at 6J-6J months, only a trace being found on tlie 
latter date. Any loss in potency as the result of 2-3 days in transit (the 
patient had gone to the south of England for the time being) would be 
infinitesimal and could not have been responsible ; it will be observed that 
the combined oestrone shared in the drop at months. A similar, though 
much less marked, fall in pregnanediol output occimred in case P62 to 
which reference may be made (p. 39); in both instances pregnancy was 
uninterrupted. Cope [1940a] cites a similar case in whieh the pregnanediol 
output fell to nil at 19 and 21 weeks without interfering with pregnancy, 
although symptoms of threatened abortion were present. The low preg- 
nanediol excretion throughout pregnancy suggests that the patient’s 
previous miscarriage was due to a deficient progesterone secretion. 

SECOND SERIES 

The second part of this study deals with the following: 

(1) Symptoms of iliraatened abortion: the gonadotrophic hormone and 
pregnanediol output associated are examined singly and together ; Aschheiin- 
Zondek tests related to the outcome of pregnancy. 

(2) Abortion: cases of abortion at high and at low levels of pregnanediol 
output. 

(3) Pregnanediol values t^lro^^ghout pregnancy as a guide to therapy and 
in relation to normal development, function and prognosis: (a) medium 
normals, (6) medium high normals, (c) low normals, [d) drops in early 
pregnancy. 

(4) Pregnanediol values in (a) toxaemia, {b) diabetes, (c) foetal death. 

(5) Therapy — progesterone, vitamin E, rest. 

(6) Sterility. 

(7) Interesting cases. 

Threatened abortion 

Comparison of Aschheim-Zondeh tests loith pregnanediol output 

As a general rule, a positive Aschheim -Zondek finding in early pregnane}' 
is held to denote a normal pregnant condition, yet of forty -five v'oinen for 
whom positive results were returned, nineteen, or 42 %, aborted: lialf of 
these within 20 days of the test and one actually on the day that the 
positive finding was obtained. 

A weakly positive Aschheim -Zondek reaction before the 4th month is 
generally considered indicative of a possible threatened abortion, yet of 
thirteen women in whom this finding was obtained only five, or 3S'5 %, 
aborted. Moreover, in three out of the ten women who went to term, the 
Aschheim-Zondek reaction Avas A'ery AA'eak. Of four Aveak positiA'es in 
patients after the 4th month tAA’o aborted and tAvo had Ha'c babies. 
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The failure of a weakly positive Aschheitn-Zondek reaction to afford a 
reliable guide as to the probable outcome of pregnancy is more forcibly 
brought out in the following: of twenty-four women who aborted, a weak 
positive at 2-4 months was returned in only 21 % ; of thirty-four women 
who had viable children the same test finding was obtained in 23*5 %. 

It was these facts which prompted an investigation of the gonadotrophin 
and pregnanediol output associated with symptoms of threatened abortion. 
It is commonly held that the condition is due to a deficiency of pituitary 
and corpus luteum function. Accordingly, data were examined under both 
headings to see if the condition could be related to a deficiency of either or 
both substances. Symptoms of threatened abortion such as bleeding, 
staining or brown discharge were present both before and at the time of 
the tests.^ Of thirty-five such women, in whom both the pregnanediol and 
gonadotrophin outputs were ascertained, only eighteen had live children 
(in two others pregnancy is still running) ; in fifteen abortion occurred, in 
many cases after an interval of less than 14 days. Thus symptoms of 
threatened abortion in early pregnancy resulted in abortion in 43 % of cases. 

Ascliheim-Zondeh tests. Of forty Aschheim-Zondek tests made for the 
thirty-five women, only twelve weak or very weak positive findings were 
returned, whereas strong or standard positives were obtained in twenty- 
eight cases or in two-thirds of those examined. It is thus clear that the 
symptoms of threatened abortion cannot be attributed, even in the 
majority of patients, to low gonadotrophin secretion. 

An analysis of the data given for the fifteen cases that terminated in 
abortion demonstrates that imminent abortion (Le. in 1-20 days) was only 
once associated vnth a weak positive Aschheim-Zondek finding; and, 
strangely enough, the associated yield of pregnanediol was abnormally 
high (38 mg. in 24 hr. in a 3J months’ pregnancy); abortion occurred 
13 days later (case P 21). Other records are : a standard positive on the day 
abortion occurred (P84) when the foetus was already dead; a weak positive 
on the day before a premature delivery at 8 months (P174) — in both 
these cases the pregnanediol values were again high; a strong positive 
8 days before abortion and seven positives in women who aborted 10-20 
days later. Of the seven women who aborted 4-8 weeks after the test, five 
gave strong or standard positive reactions. 

On the other hand, among seventeen women who gave birth to live 
children at term the distribution of twent}" Aschheim-Zondek findings at 
2-3i months was: eight weak or very weak positives and twelve strong or 
standard positives, representing an adverse report in 40 that terminated 
successfully". 

' Tho a\Uhor is indebted to the Pregnancy Diagno>is laboratory for tlio .Avrlilicirn^Zondck 
Tindings. 
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Ptegnonedwl output. Of l iio forty jircgtuincdiol analyses made for the 
same tlm ty-fivc women, twenty -six sliowcd f lic output of pregnnncdiol to 
be within tlio normal range na given by Venning [1938]; in tivo other 
instances the output was even higher than Venning’s maxiimim for the 
stage of pregnancy, and on only nine ooeasiona was it low, of which there 
n ere thiee wlicn onl}’’ a t race of jircgnancdiol was recovered. It follows that 
neit ler could a deficiency of progc.slcronc account for tlio symptoms of 
tireatencd abortion in the majority of the cases reviewed. Indeed, in 
1 ^ of cases the gonadotrophin, and in almost 80 % the pregnanediol 
oi^put \yas of a satisfactory character. The latter figure is somewhat 
le need if one e.\a mines the data for all cases of threatened abortion in 
n uc 1 the iJregnancdioI output was ascertained, irrespective of whether 
sc 1 leim-Zondek tests were made or not. Tiic total of such cases is 64, and, 

as IS sho^\n in Table I in (51 % of these satisfactory’^ pregnanediol outputs 
were obtained. 

Table I. Prcguanc/hol valuer in coses of threatened abortion 

Total no. Normal High Low Porcontago Percentage 

cases values values values satisfactory low 

31 8 25 01 39 

If the pregnanediol figures for the smaller scries (of thirty’-five women) 
be examined in relation to the outcome of pregnancy (Table II) it vnW be 
seen that, of twenty-three women in whom the pregnanediol output was 
normal, seven aborted: w'hen the values were higher than normal, fomr out 
o SIX aborted. As abortion Avas frequently^ related to values obtained at ft 
later period than the gonadotrophin finding such cases are considered in 
T^l^^IV^ n.bortions at high or satisfactory pregnanediol values in Fig- 

Relation between gonadotrophin and pregnanediol o^dpnts. Since it may 
be contended that abortive symptoms might be due to an imbalance 
e ween the two substances, the relationship betu'een the gonadotrophin 
rr outputs in the same person has been anatysed in Table II 

7 A ^ ~ child) . The stage of pregnancy’^ at udiich the Aschlmini 

^ ondek tests were made has been inserted in order that the strength of the 
reaction might be appreciated; it will be remembered that in normal preg- 
nancy this diminishes after the 4th month. 

It IS clear from the data in Table II that abortion, or the symptoms 
o a ortion, in the cases examined was not accompanied by'^ a low con 
cen ration of both substances or confined to a Ioav output of one of them- 
An abnormally high pregnanediol output was associated with a low 
xcre ion of gonadotrophin in four of the patients, in three of Avhoiu 
a or ion occuiied in 2, 1 1 and 16 days after the high pregnanediol outpu • 
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Table II. Aschheim-Zondeh findings related to pregnanediol output in the 
same person, with outcome oj pregnancy: thirty-five cases 

Very weak A.Z.+ Weak A.Z.+ Standard A.Z. + 

high pregnanediol high pregnanediol high pregnanediol 


Months 

Case 


Months 

Case 


Months 

Case 


pregnant 

no. 

Result 

pregnant 

no. Result 

pregnant 

no. 

Result 

3 

P43 

A 

3i 

P16 

A 

2 

P44 

L 




3i 

P21 

A 


P84 

A 




3i 

P37 

L 




Standard A.Z. 4- 

Strong A.Z.+ 


Weak A.Z.-^ 


normal pregnanediol 

normal pregnanediol 

normal pregnanediol 

A 

Months 

Case 

* 

r 

Months 

Case 


r 

Months 

Case 


pregnant 

no. 

Result 

pregnant 

no. 

Result 

pregnant 

no. 

Result 

2i 

P27 

L 

4 

P19 

A 

2i 

P41 

L 

3 

P28 

L 

3 

P84 

A 

3 

P41 

L 

li 

P60 

A 

3 

P14 

L 

2i 

P98 

L 

3 

P60 

A 

2 

P34 

L 

3i 

P134 

L 

2i 

P52 

L 

3 

P124 

L 

5 

P30 

L 

6 

P63 

A 

2i 

P138 

• 

3i 

P120 

L 

3i 

P66 

L 



8 

P174 

A 

2i 

P58 

A 







2 

P62 

L 







2i 

P20 

A 







3i 

P123 

L, 







7i 

P133 

L 







Very weak A.Z.4- 

Standard A.Z.+ 

Strong A.Z.+ 

norraal pregnanediol 

A 

low pregnanediol 

low pregnanediol 

A 

Months 

Cose 


^ f 

jMonths 

Case 


{ 

^lonths 

Case 


pregnant 

no. 

Result 

pregnant 

no. 

Result 

pregnant 

no. 

Result 

4 

P41 

L 

2 

P40 

L 

2i 

P141 

A 




5 

P65 

A 

? 

P141 

A 




2i 

PUS 

A 

2i 

P151 

A 




2 

P23 

A 

u 

P152 

* 


* Pregnancy still running. 


In the groups in which one would expect few, if any, abortions, that is, 
in those in wliich the Aschheira -Zondek test was a strong or standard 
positive and the pregnanediol output normal to liigh, six out of the eighteen 
patients aborted. Among these six, abortion occurred 1, 4, 7, 10 and 10 days 
after a highly satisfactory output of pregnanediol, in one on the day of a 
positive Aschheim-Zondek finding, and in four others after intervals of 3, 
12, 13 and IG days. The sixth woman (PoO) did not abort until 22 weeks, 
on a day on which the output of pregnanediol was entirely satisfactory 
(38-5 mg.). 

A weak or very weak positive Aschheim-Zondek test plus a normal preg- 
nanediol output at 21-0 months resulted in live children in all of tlie five 
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cases recorded. P 174, w]io was already in labour when the Aschheim-Zondek 
test and pregnanediol anal 3 ^scs were made, had had five abortions at 
4-8 months, and on this occasion foetal death at 8 months Avas associated 
with a funic presentation and abnormally long cord (32 in.) containing 
a true knot. During labour, Avhich was spontaneous and painless, the 
pregnanediol output was 78 mg./24 hr., and the Aschheim-Zondek test 
AA-^eakly positive; the patient delivered herself the following day. 

In only five patients Avas abortion associated Avith a loAv pregnanediol 
excretion; in three of these the Aschheim-Zondek reaction on the same 
specimen of urine Avas strong or standard positive, in the remaining tAA'O 
cases the test Avas made on an earlier specimen but was also positive. 
Abortion occurred 13-20 days after the Ioav pregnanediol output. It aa^s 
observed in a number of cases of imminent abortion that the pregnanediol 
output fell before the Aschheim-Zondek finding became negathm or cAmn 
AA^ealdy positive. In some instances of threatened abortion in early preg- 
nancy marked fluctuations in pregnanediol output Avere observed, but this 
Avas not a regular feature. 

Effect of therapy. Therapy Avill be dealt with briefly as it is discussed 
more fully at a later stage. From Table III it is seen that of thirty-fiAm 
A\mmen receiving various kinds of therapy for symptoms of threatened 

Table III. The outcome in thirty-five cases of threatened abortion 
with or without therapy 
Vitamin E 

Vitamin E Vitamin E -f progesterone Progesterone Kest 

4* rest -f progesterone -f rest +rest only N'o therapy 

4L 2A IL 4L 4A 3A IL 5L llA 

(not viable) 

L = Live; A = Abortion 

abortion and observed until parturition or abortion occurred, fifteen had 
live children and tAventy aborted; of the sixteen Avho did not receive any 
therapy five had live children and eleven aborted, a percentage ratio of 
abortions in the tAVO groups of 57:70. Regarding the untreated group, it 
should be noted that such patients generallj’^ came into the doctor’s hands 
too late for treatment. It is of interest, hoAvever, that in only four of the 
eleven patients aborting Avithout therapy AA-^ere the pregnanediol values 
loAv; in contrast, one woman, AAuthout therapy, AA^ho excreted A’^ery Ioav 
values throughout pregnancy, gave birth to a live child at term (P62). 

The disappointing results obtained AAdien progesterone Avitli or without 
vitamin E and rest Avere prescribed are difficult to explain, especially’’ as the 
pregnanediol values AA^ere exceedingly satisfactory (indeed high) in four 
patients: Pll, P16, P50 and P53; of these Pll has already been described, 
and P53 miscarried after only a week’s therapy. To P16 progesterone was 
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given intensively but only so long as the symptoms lasted (5 mg. daily for 
5 days and 3 weeks in bed). Owing partly to the satisfactory figure for 
pregnanediol, therapy was then stopped, but abortion occurred 2 | months 
later. It is not known to what extent the patient followed instructions 
to rest, on being discharged. 

The pregnanediol output in case P50 was ascertained over a longer 
period and appeared satisfactory (see Fig. 6 ). Although during the 2 weeks 
before abortion the amount of progesterone had been reduced from 5 mg. 
twice weekly to 2 mg. thrice weekly, the amount 
administered during the preceding 8 weeks had 
been on a hberal scale and the reduction seemed 
justified. The fact that a high pregnanediol out- 
put actually coincided with abortion suggests o. 
that the latter may not have been due to a ^ 

deficiency of progesterone. Other possibilities * 5 j ^ — 

are discussed later, of which the most obvious is Months pregnant 

vitamin E deficiency. Although P 50 was receiving g pgg. 

two capsules of vitamin E daily, this may have tion of pregnanediol (PX). Ab- 

been inadequate, for it is knovm that individuals 21 weeks while 

• 1 . 1 .T. . .M- receiving therapy. 

vary considerably m their abihty to utilize 

vitamin E, as well as in their requirements. Shute [1939] is of the opinion 
that the latter increase as pregnancy advances. There is, besides, the 
doubtful factor of adequate rest being taken; the patient had already 
aborted twice, and rest Avas, therefore, imperative. 

With the exception of Pll and P50, therapy was either inadequate or 
started too late to prevent abortion. 




tX) 


Abortion associated with high values of pregnanediol 

It was inevitable that some cases in which the patients aborted should 
be dealt with in the group dev^oted to tlireatened abortion. In sev^en of 
these the associated v^alues of pregnanediol were definitely low, but in ten 
others abortion occurred at high or normal levels of pregnanediol output, 
and such cases (with two exceptions) are charted in Fig. 7. The two excep- 
tions are P50, shown separate!}' for greater clearness (Fig. G), and Pll, 
whose case has already been described (Fig. 3). The latter aborted 3 days 
after a high pregnanediol output, and again miscarried in similar circum- 
stances when only 21 months pregnant (as P20. Fig. 7). 

Including Pll and PoO, there arc seventeen women in whom abortion 
occurred within 1-14 days of a highly satisfactory outjnit of j)regnanediol. 
The time ela})sing between the collection of the urine and abortion is given 
in Table IV. 
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It cannot be said that the abortion group contained a higher percentage 
of previous abortions than those of other groups in which live children were 



Fig. 7. Cases aborting at high levels of pregnanediol output 
(Tables IV and V, and Figs. 3 and 6). 


Table IV. Gases of abortion at high levels of pregnanediol outpxit (Fig. 1) 


Case no. 

No. of days 
between analysis 
and abortion 

Pll* 

3 

P13* 

10 

P20 

1 

P16 

11 

P21 

16 

P43 

2 

P47* 

2 

P60* 

Same day 

P63 

4 



No. jpf days 
between analysis 

Case no. 

and abortion 

P68 

10 

P84t 

7 

P89* 

14 

P97* 

14 

P126 

2 

P136 

12 

P108t 

Same day 

P174§ 

Next day (in labour 
at time of analysis) 


* Receiving progesterone at the time (see Tables XV and XVT). 
t A.Z. positive on day abortion occurred (foetus dead). 

J Therapeutic abortion — cardiac case. 

§ A.Z. weakly positive during labour (8 months). 


born, as miscarriages had occurred in eleven out of seventeen patients 
aborting at high values contrasted ■with twenty-five^ out of thirty-seven in 


* Including P7, P8 and P40; Pll and P60 have been included in the abortion group. 
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ihe six normal groups, the percentages being 64*7 and 67*6 respectively. 
Che number of previous miscarriages in the eleven patients is shown in 
fable V. 

Table V. The number of 'previous miscarriages in eleven women 
abortirvg at high levels of pregnanediol output 

1 2 3 4 5 

P21 P47* Pll* P20 P135 

P43t P89t P13t P97§ P174 

— P60t _ _ ^ 

♦ Progesterone, vitamin E therapy and rest prescribed, 
f Hydatidiform mole eicpelled in 1938. 

X Progesterone and rest prescribed. 

§ Progesterone and vitamin E therapy prescribed. 


Complicating features, in addition to a history of previous miscarriage 
as listed in Table V, w’ere as follows : 

Hjf)erthyroidism : P50 and P97. 

Symptoms of threatened abortion: Pll, P16, P21, P43, P50, P53,.P58, 
P84, P89, P125. 

Albuminuria in this and the previous pregnancy: P13. 

Marked hirsutism: P47. Dr Rosser (of RedhiU) to whom I am indebted 
for this case %vrites: ‘I have seen quite a few patients of this [mascu- 
line] type, all of whom have suJffered these repeated disappointments.’ 

Progesterone therapy was actually being given at the time abortion 
occurred in seven patients, in four of whom (Pll, 47, 50, 97) there was 
every reason to think that the amounts were adequate (see Table XV). 
In four others (P16, 53, 89, 174) progesterone was given over a brief 
period during which adverse symptoms were present. These became so 
severe in P53 that an attempt was made to induce labour but vathout 
success. 

Condition of foetus and placenta. Reports on the products expelled were 
received in eleven cases: in seven of these (P47, 50, 53, 58, 108, 135, 174) the 
foetus was healthy and was either alive or had just died, and the placenta was 
normal in every respect. In the case of P174 (a funic presentation, alread}" 
described on p. 2G) death was due to obstetric causes which were not responsible 
for the abortion; the foetal heart was beating but breathing was not established. 
In spite of some hydramnios and a sudden increase in liquor amnii in PH’s case, 
and severe retro-placental haemorrhage in P97, their foetuses were apparentlv 
normal. Although P84’8 foetus had been dead 2--3 da\'s and some placental 
infarcts were present, gross abnormalities did not exist. This case is remarkable 
in that the Aschheim-Zondek test gave a standard positive reaction on the day 
that abortion occurred and when the foetus was already dead; tlie pregnanediol 

output 7 days before abortion was abnormally high for 0 41 months’ preznanev 

GO mg,/24 hr. 
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Fi'oni the above it cannot be said that abortion was caused or generally 
aecompanied by macroscopic abnormalities of the placenta or foetus, and 
the possibility of a derangement of function due to some undetermined 
cause has to be considered. 

The author is indebted to Dr A. L. S. Macpherson^ for P.108, a patient 
with cardiac disease in whom a therapeutic abortion was attempted on 
various occasions between the 2nd and 6tli months of pregnancy. A living 
foetus weighing 1|- lb. was born at 6^ months, 5 weelrs after the last 
oestrogen— quinine-castor-oil— pituitary induction, and a few hours after 
the high pregnanediol output charted. The circumstances are of special 
interest in that abortion was immediately preceded by a sudden increase in 
the output of pregnanediol; in one week this doubled itself — an increase 
of 26 mg. A direct connexion cannot be claimed between this phenomenon 
and a possible effect of the substances used for induction, as the interval 
that elapsed was too long (5 weeks). This does not, however, preclude the 
possibility of an indirect effect, as, for example, that an abnormal uterine 
condition was induced by the material injected, causing defective develop- 
ment of the placenta and that in time degenerative changes occurred which 
manifested themselves first in the outward symptoms of threatened abor- 
tion, ^ and finally in the release into the blood stream of all the pregnanediol 
stored in the placenta, possibly 2 or 3 days’ supply. The effect of such a high 
elimination of progesterone would be to lower its concentration in the 
blood and to induce a condition which, conceivably, played an important 
part in abortion in the cases shown here, in all of which pregnanediol 
values were high. Presumably on those occasions on which a high preg- 
nanediol output did not result in abortion (Fig. 10, Table VIII) there was 
no appreciable lowering of the concentration in the blood stream. 

Another aspect involved is that of hormone utilization. The recovery of 
large amounts of progesterone in the form of pregnanediol glucuronide does 
not necessarily imply efficient utilization of the hormone (cf. p. 59), and 
it is possible that this utilization is closely linlced up with factors con- 
nected with the process of hormone elimination. In this way it would still 
be possible to ascribe to progesterone the important role hitherto attributed 
to it in the maintenance of pregnancy. These alternative suggestions in 
explanation of a difficult problem are only tentative. It is clear that, in the 
cases belonging to this group, abortion does not simulate parturition, which 
is apparently associated with rhythmically declining hormone values. 

The hypothesis that vitamin E deficiency may have been a contributory, 
if not a major, factor in bringing about abortion, is suggestive, especially 
as in only one case (P97) can the amounts of vitamin E given be con- 

1 Fuller details of this case are being published by Dr IVIncphorson. 

2 In P108 bleeding began 11 days before the abortion. 
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sidered adequate ; in twelve patients vitamin E was not being administered. 
The occurrence of abortion in spite of high pregnanediol values becomes 
less puzzling if one bears in mind that progesterone does not counteract 
vitamin E deficiency [Drummond, 1939], 

Abortion at low levels of pregnanediol output 

On the assumption that parturition (and therefore abortion) is associated 
with, if not the result of, a drop in the secretion and excretion of pro- 
gesterone, which is a theory commonly held, it would be expected that by 



Fig. 8. Cases aborting at low levels of pregnanediol output (Table 'ST;). 

Table VI. Abortion at low levels of pregnanediol output (Fig, 8) 

Case no. Period between anatysis and abortion 

P23 Same day. [N.B. 2 previous miscarriages] 

P65 14 days (alive) 

P78 Same day (alive) 

P05 Dead ovum; dilatation and curettage following day. [N.B. 5 previous 

miscarriages] 

P118 7 days 

P119 Dead ovum; dilatation and curettage following day 

P121* 6 days (macerated 2 days). [N.B. 3 previous miscarriages] 

P126 Next day 

PI 3D Same day 

P141 Day after 2nd specimen (dead foetus) 

P153 Same day 

Pi 55 2 days (alive) 

P1C2 Dead ovum; dilatation and curettage 3 dej-s later 

^ 177 3 daj's 

• Patient aged 44; monster expelled at 7 months. Patient received 100 mg. progesterone 
in 20 weeks. 


far the majority of abortions would belong to this group, j^et it comprises 
only fourteen patients (Fig. 8, Table VI), of whom only three had had 
niiscarriages already. 
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Tile interesting feature of these is that abortion was so long in occiu’rhig 
and that pregnancy was maintained in spite of an exceedingly low pregnane- 
diol output : in eight patients abortion did not take place until after all trace 
of pregnanediol had disappeared from the urine, and in one other only 
2*6 mg. Avere found the day before the patient aborted; in three patients in 
whom abortion occurred at or after G months (P66, P78 and Pi 65) the 
foetuses were alive when expelled and equal, in development, to the stage 
of pregnancy, although the pregnanediol output was only 9-18 mg,/24 hr. 
Yet Ave have already seen that pregnancy was not maintained in many 
Avomen in Avhom large amounts of the glucuronide were being excreted. 
The logical conclusion is that progesterone is not the main factor responsible 
for the maintenance of pregnancy, but that abortion occurs independently 
of the amomit of progesterone secreted and is due to a factor, or factors, 
AA^hich progesterone cannot inhibit. Supporting this argmnent is the fact 
that amounts of progesterone Avhich should have been adequate to main- 
tain pregnancy failed to prevent abortion. 

A further anomaly exists in that the absence of pregnanediol excretion 
between the 3rd and 4th months does not necessarily indicate that preg- 
nancy has ceased. This is dealt vdth later, but it appears to give added 
support to the suggestion that the maintenance of pregnancy does not 
depend on progesterone alone. 

Pregnanediol values throughout pregnancy 

Except on those occasions on Avhich a clinician wishes to knoAV merely 
Avhether sufficient pregnanediol is being excreted to make progesterone 
therapy AA'^orth while, a single analysis of pregnanediol output in the early 
stages of pregnancy is not very helpful, especially as abortions are not 
confined to the early months. In order to ascertain the trend throughout 
pregnancy, analyses should be made at regular intervals. Several authors 
[Venning, 1938; BroAvne, Henry & Venning, 1939; Bachman et al. 1940; 
Cope, 1940o] have given curves shoAAung the extreme range of values Anthin 
which pregnancy has foUoAved a normal course, but in feAV instances has 
the course been folloAved (or shoAvn) throughout individual pregnancies, 
though BroAvne et al. gave eight individual curves. The author has followed 
the pregnanediol output throughout a considerable number of pregnancies 
to ascertain if values may be related to various conditions or to specific 
stages of pregnancy, as Avell as to determine Avhat can be considered 
abnormal and, as such, call for caution on the part of the physician. 

In almost all the cases examined some anomaly existed : generally there 
Avas a history of previous miscarriage, still-birth or sterility; sometimes 
pregnancy Avas complicated by a fibroid of the uterus, or there AA-^as hjqjer- 
emesis, or the uterus Avas large for the duration of amenorrhoea. In inter- 
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preting the curves, it is important to bear in mind that, in view of the 
number of abortions at satisfactory levels of pregnanediol output, one can 
never be sure that any value is safe. 

The output of pregnanediol increases as pregnancy advances, and 
generally reaches a peak (or peaks) between the 7th and 9th months and 
subsequently falls. For the purposes of classification the following groups 
have been formed, based mainly on the maximum value of pregnanediol 
per 24 hr. attained: medium normals (50-70 mg.), medium high normals 
(70-90 mg.), low normals (30-50 mg.); three groups are devoted to an 
examination of low levels in early pregnancy; toxaemic and diabetic 
patients are dealt with separately. For details of therapy, reference should 
be made to Tables XV and XVI. 

Medium normals (50-70 mg,), Fig, 9. Of twelve cases falling 'svithin this 
group, eight had had previous miscarriages, one as many as seven; where 



knovm, the months at which these occurred have been indicated, also 
whether therapy was given (Table VII). In two cases anah^ses were asked 
for on account of hacmoirhage, which was ako experienced by two otficrs 
of the series who had previously aborted. PSG is unique in liaving so little 
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Table VII. Obstetric history of medium normals 
(60-70 mg. pregnanediol) : huelve cases {Fig. 9) 


Case DO. 


No. of 
miscorriagos 

Haomorrhago 

montli 

Therapy 

P38 

7 

1 at 3J months 

None 

Progestorono 

P41* 

1 

6 at 6 - 7 ^ months 
at 3 months 

3-34 

Progostorono, vitamin JE, rest 

PCO 

I 

at 3 montlis 

None 

Vitamin E 

P67 

1 

? stag© of pregnancy 

None 

Progostorono 

PS3 

2 

at 6 montlis 

None 

Progesterone 

P88 

1 

at 6 months 

None 

Progesterone 

P91 

2 

at C~7 months 

None 

Progostorono, vitamin E, rest 

P98 

1 

at 3 months 

2-3 

Vitamin E 

PI09* 

2 

still-birtlis 

None 

Nono 

P34 

None 

2 

Nono 

P52t 

Non© 

24-34 

None 

P86t 

None 

None 

Progesterone, vitamin E 


* By Caesarian section. f No child for 9 years. J No child for 8 years. 


ovarian tissue; after a right salpingo-oophorectomy and resection of the 
cystic portion of the left ovary by Dr Sturrock in 1936, a hve child was 
born to the present pregnancy in 1941 after 8 years of married hfe. Live 
children were born to aU members of this group; in two patients Caesarian 
section was performed — due to a breech presentation in P41, and to foetal 
deaths 3 weeks before delivery in previous pregnancies in the case of Pi 09, 
Avho also had renal complications. 

The following points characterize this group; The pregnanediol output 
was almost stationary round about 10 mg. from the 2nd to the 4th months. 
A peak was reached at approximately 7 months, followed by a drop at 
8-8^ months with a subsequent rise, in some cases, before parturition. The 
output of pregnanediol during haemorrhage was highly satisfactory in 
aU cases. 

Medmm high normals (70-90 mg.), Fig. 10. The feature held in common 
by the five cases comprising this small group (Table VIII), to all of whom 
live children Avere born, is the marked increase in the amount of pregnane- 
diol excreted at 5|-6 months. So sudden a rise is, as Ave have seen, sug- 
gestive of imminent abortion ; it is also often associated AAuth a toxic con- 
dition, but it is clear that it does not necessarily denote that such exists 
or is likely to develop. It is possible that in such cases foetal development 
is rapid in the early stages, seeing that, in tAVO instances, the uterus Avas 
larger than the period of amenorrhoea justified and complications Avere 
suspected. The occurrence of hydatidiform moles in the two previous 
pregnancies in the case of P85, causes one to speculate as to the possi- 
bility of a third, had the marked secretory actiAuty at 5| months occurred 
instead at 2-3 months. 
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Table VIII. Medium high normals (70-90 mg. -peak) (Fig. 10) 


Case 

no. 

No, of miscarriages 

Haemorrhage 

month 

Therapy 

P66* 

None 

3-3J 

Vitamin E till 5 months 

P80* 

None 

None 

None 

P85 

2 hydatid moles at 3 months 

None 

Vitamin E till end of 7 months 

P94 

2 at 7 months — ^not viable 

None 

Progesterone 

P120 

3 at S-12 weeks 

2-3 

Vitamin E till 8 months 


* Uterus large for dates. Fibroids or hydatidifonn mole suspected. 



Fio. 10. Coses having a medium high normal pregnanediol output (70-90 mg.) 

(Table Vm). 


Low normals (30-50 mg.). Fig. 11. All seven cases gave birth to live 
children at term, although Caesarian section was performed in one instance 
owing to a breech presentation (P31). Four were not submitted for 
analyses until after the 5th month (see Table X). 

In spite of the low pregnanediol output in these cases, in only one 
instance did the child weigh less than 6 lb. at birth. This fact suggests that 
a relatively low secretion of progesterone is sufficient both for the main- 
tenance of pregnane}^ and for normal foetal development, a statement 
'vhich makes the abortions at high values still more incomprehensible. 

The existence of a low pregnanediol output in a case of twins might be 
explained by the greater demands made on the mother of two foetuses. 
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It ^vill be observed that hyperemesis gravidarum was associated with low 
pregnanediol outputs in three women, although at the time of the symptoms 
the output was generally satisfactory. 

The possible significance of the drop in output which occurred in P22 
and P25 between the 3rd and 4th months will be discussed later. 



Fig. 11. Cases having a low normal pregnanediol output (30-60 mg.) (Table IX). 


Table IX. Loio normah (30-50 mg.) : seven cases 


Case 

No. of 

Haemor- 

rliago 



no. 

miscarriages 

month 

Therapy 

Remarks 

P18 

4 (6-7 months) 

None 

Vitamin E, rest 

Age 39; live child full term 

P22 

None 

None 

None; diet 
unrestricted 

Uterus very large; fibroid, hyper- 
emesis, plilebitis. Child G{'\; Ib. 

P31 

2 (6-6 months) 

None 

Progesterone, 
vitamin E, rest 

Age 34; 11 years married, marked 
anaemia at 31 weeks, child 6^^ lb. 

P49 

None 

None 

None 

Weight increased 1 stone in 2 J months ; 
twins 6 and 5]^ lb. 

PllO 

3 ( ? months) 

None 

Progesterone 

Live child full term 

P26 

3 ( ? months) 

None 

Progesterone 

Hyperemesis. Child 6}§- lb. 

P124 

2 (2-3 months) 

2-3 

9 

Hyperemesis. Pregnancy still running 
(7-8 months) 


Low levels in early pregnancy. Whereas in many pregnant women the 
output of pregnanediol remains almost stationary in the neighbourhood 
of 10 mg. until about the 4th month, others show a drop of varying degree 
between the 3rd and 6th months, preceded as a rule by normal or relatively 
high values. Such cases fall into three groups according to the nature of 
the drop (Table X, Figs. 12-14). The special interest that this fall in output 
has, apart from the anxiety that it is apt to cause, is its possible relation 
to the establishment of placental function and the Avithdrawal of ovarian 
secretion. In most cases the transition is likely to be gradual; it may 
sometimes happen, however, that placental activity is late in being 
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established or that ovarian secretion has been slow in diminishing. The 
high values which generally precede the fall in pregnanediol output might 
be explained as due to ovarian H- placental function, the ovarian activity 
being very marked, and the drop^ as being caused by partial withdrawal 
of ovarian function. In the cases charted in Eig. 12 this would, presumably, 


Table X. Oases showing fall in pregnanediol 
output in early pregnancy [Figs. 12-14) 


e no, 

12. 

Miscarriages 

Fall at S-4 months 

Haemorrhage 

Therapy 

Outcome and remarks 

14 

1 (3 months) 

LfOss during most 
of pregnancy, 
especially last 
month 

Progesterone, 
vitamin E, rest 

Married 5 years: child 

22 

None 

None 

None 

Fibroid, hyperemesis, phle- 
bitis: child 6]§ lb. [see 
low normals] 

25 

3 

None 

Progesterone 

Hyperemesis; child 6{f{ lb. 
at 8f months [see low 
normals] 

96 

1 (4 months) 

None 

Progesterone 

Live child at months 

123 

13. 

None 

Fall at 4-5 months 

Bleeding on effort 

Vitamin E, rest 

Live child at 9 months 

26 

3 (2-3 months) 

None 

Vitamin E 

Aged 41; married 19 3 ^ears; 
chad 7i lb. 

•27 

None 

2-3 months 

Progesterone, 
vitamin E, rest 

Child Si lb. 

28 

None 

2-3 months 

Progesterone, 
vitamin E, rest 

Chad Ib. 

*67 

. 14. 

1 still-birth; 

1 abortion 
months 

Nil at 2J-4 months 

None 

Progesterone, 
vitamin E 

Chad 7,^^ lb. (Caesarian) 

^51 

None 

None 

None 

Hj-popituitarism ; little in- 


crease in size of uterus till 
months; bronchiec- 
tasis; induction; child 


’02 

None 

1-2 months 

None 

? Ectopic; pelvic infiamraa- 
tion; child 7^*5- lb. 

’77 

1 (2i months) 

None 

None 

Chad 7} lb. 

?93 

3 (3 months) 

None 

Progesterone, 
vitamin E, rest 

Child 5jV lb. (premattiro: 

7J months) 


diminish between 3 and months, whereas in those belonging to Fig, 13 
it must have lasted until 4 months. In the tliird group (Fig. 14) consisting 
of foiu: women in whom the merest trace of pregnanediol (1 mg. or less) 
was found, there would seem to have been a hiatus between the with- 
drawal of ovarian activity and the establishment of placental fxmetion. 
Tliis w’as observed at various points betw’cen 2J and 35 months and. in one 

' In the pccond group this drop is to norma.1 VAhie-«. 
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instance (P77), on two occasions separated by a fortnight. In aU patients, 
with the exception of P5I, pregnanediol values rose rapidly, suggesting 
that its absence from the urine might have been due to its retention within 
the body owing to a faulty formation of the glucuronide, rather than to 
an hiatus in its production. Browne et al. [1939] have reported a similar 
occurrence at the 49th day, and Cope [1940a] one as late as the 19th and 
21st weeks of pregnancy, associated with symptoms of threatened abortion. 
The latter case recalls that of P 40 (p. 22), in whom only a trace of pregnane- 
diol was found at 6^ months ; both Cope’s patient and P 40 gave birth to live 
children as did also all those belonging to the three groups just described. 

The necessity for caution in interpreting a negative pregnanediol result 
is obvious, and it has become our practice, in such circumstances, to ask 
for an Aschheim-Zondek test to follow; when symptoms of threatened 
abortion are associated, the prognosis is generally bad. The low levels of 
pregnanediol excretion in early pregnancy in this series cannot be attri- 
buted to symptoms of threatened abortion as in few cases were these 
present, and notably in two — P27 and P28 (Fig. 13) — ^the output was high 
throughout the time that the symptoms were manifest. 

Particulars of the patients comprising the three groups are given briefly 
in Table X. Two cases in the first section (P22 and P25) have been dealt 
with under ‘low normals’. In spite of therapy and abundant rest through- 
out pregnancy, P14 had a persistent, blood-stained discharge which be- 
came more pronounced during the last month. Her pregnanediol values 
were good and pregnancy terminated successfully. In the second group 
P26 is outstanding as, aged 41, after three miscarriages and 19 years of 
married life, she had a live child after treatment with vitamin E; owing to 
her satisfactory pregnanediol output progesterone was not given. 

The maximum values reached in the three groups tended to be low; 
especially was this the case in P51 (Fig. 14, group 3) who excreted only 
20 mg. pregnanediol at months (cf. normal 40 mg. or upwards). In spite 
of an \msatisfactOry clinical condition, a live child was born. The long 
interval between the last two analyses ^vas due to the fact that it was 
thought that foetal death had occurred. 

The case of P62 is abnormal, not onl}’^ on account of the absence of 
pregnanediol at 3J months but also because of the low level attained 
between the Gth and 8th months. A similar drop occurred in P40 (p. 22), 
und its significance is not understood. 

It is obvious from the average weight at birth that the fall in pregnane- 
diol output in the earl}” stages of pregnanej’ had no adverse eflcct on the 
subsequent course or outcome of pregnancy. 

The pregnanediol excretion has also been ascertained in the following 
conditions: toxaemia, diabetes and foetal death. 
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Pregnanediol output in, toxaemia 

Both Weil [1938] and Browne et al, [1938] found tliat, in late toxaemia 
of pregnancy, pregnanediol was either absent or excreted in very small 
amounts. Cope [1940^»], in a study of ten cases, recovered normal amounts 
of pregnanediol and suggested that when its excretion is greatly reduced 


Case 




Table XI. 

Toxaemia of 

no. 

ISIiscarn’ngcs 

Ago 

Blood pressure 

Albumen in urine 

Oedema 

P12 

Para 0 

37 

? 

? 

? 

P13 

1 at 24 m. 

2 still-born 

30 

180/100 

Urine ‘loaded* at 
first analy.sis 


P3G 

2 at 7 and 1 1 \v. 

30 

150/90 

0-05 % 

In both logs 

P40 

2 at 3-4 in. 

0 para 

44 

150/00 at 5 ni. 
200/110 at 7i in. 
220/150 at SJ in. 

Trace 

Ankles only 

P45 


41 

? 

Present 

? 

Pfi8 

o (various) 

24 para 

42 

? 


? 

P74 

Para 0 

33 

170/90 at 5 np 

140/90 at 7 m. 

Trace 

None 

pon 

2 still-born 
(1031, 1933) 

25 

170/100 

500 mg./l. 


PlOO 

Para 0 

33 

146/100 

None 

None 

P102 

Para 0 

24 

160/100 

2 g./l. 

+ + 

P103 

Para 0 

28 

180/120 

H B-/1- 

None 

P104 

Para 0 

26 

160/120 

1 g-/l- 

•f + 

P 105 

1 still-born 
(anoncophalic) 

34 

202/100 

‘Solid’ 

Severe 
in logs, 

hondachos 

PllO 

Para 0 

21 

? 

‘Almost solid* 

+ + 

PlOO 

2 still-born 

33 

Max. 150/100 

1 P-/I. 

Ankles and 
face 


m. ~ months, \v. = weeks of prognnnoy. 


in toxaemia, this may be due to a complicating chronic ncidiritis resulting 
in renal damage. In a single instance of severe eclampsia the autlior 
recovered the largest amount of pregnanediol so far recorded on a single 
day (274 mg.) [Hain, 1940]. 

In the fifteen cases comprising this group (Tabic XI, Fig. 15), the 
following values obtained at 30-39 Aveeks, 77, 04, 55, 52, 51, 50, 37, 35, 30, 
16, show a tendency towards a high output rather than a low one. In only 
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one of these cases can the output be described as low; low values 
were also obtained in two other patients who did not go beyond early 
pregnancy. 

There was a history of toxaemia in previous pregnancies in three cases 
(P13, P68, P99) of whom P68 had had five abortions from this cause in 
fourteen pregnancies in as many years. Owing to her history and chronic 


'^nancy (Fig. 15) 


Urea nitrogen 

7 


7 

)od urea 46 mg. 
3ay after delivery 


? 

7 




ood urea 10 % 


lood urea 1( 
.Nl 12 mg, 
14 mg. 
•N. 17 mg. 
37 mi 


7 


Child 

A.Z.* 

S till-bom at 71 m. 

-f at 61 ra. 

Miscar. at 21 m. 

+ at 51 w- 

Live, full term 

at 5 w. 

Live at 81 m. 

-f--P at 5 m. 

(31 lb., survived) 

Live at 71 m. 

-f at 61 ra. 

Pregnancy 

-r at 6 w. 

inteiTupted 

Miscar. 7 m. 

'!« * 1 “ 
1/100 -/ 

Live at 8 m. 

Not done 

Live at 9 m. 

Not done 

Live at 81 m. 

Not done 

Live at 8| m. 

Not done 

Live at 81 ra. 

Not done 

Live at 7j m. 

Not done 

Not viable 

Not done 

Live at 9 m. 

Not done 


Remarks 

Acute toxaemia 3 weeks before analysis 
induction 6 weeks later; ‘foetus deac 
considerable time, probably 6 weeks* 
Eclampsia in last pregnancy (1939) wher 
macerated foetus bom at 8 m. 
Toxaemia developed at 36 weeks, re 
sponded to rest in l^d. Child 7 lb. 
At 5 m, uterus = 7 m. but no foetal hear 
felt; slight toxaemia at 6 m. responde< 
to rest; medical induction at 81 m. be 
cause of blood pressure 
Abortion ( = 7 ra. development) 

14 pregnancies 1916—40 of which five aboi 
tions; toxaemia with most of her preg 
nancies; chronic nephritis; sterilized a 
21 m. 

Bleeding during 2nd and 3rd m.: anUj 
partum haemorrhage due to toxaemii 
and placenta praevia 
Kidney trouble from 1933 (last chil 
first child spina bifida; delivery* c 
after analysis 
Membranes ruptured 
Twins: medical induction 
Child weighed 4J lb.; medical inductioi 
Child weighed 71 lb.; medical inductioi 
Retro-placental haemorrhage; numen 
infarcts. Xo pregnancy for 1 1 years ; cl 
lb. (died) 

Uterus emptied same day as analysis d( 
(22 weeks) 

By Caesarian section : blood press 
150/100 day before 


Standard positive, + = weak positive, — ~ negative. 


nephritis she was sterilized at 2J months. Of the fifteen women, ten were 
over 30 jTars of age, of whom only five had viable children in the present 
pregnancy; of these P4G is outstanding as she gave birth to a 3J lb. child 
which survived. In all, nine had viable ofTspring, four aborted and in two 
pregnane}’ had to be interrupted ; in several instances labour was induced 
owing to an unsatisfactory clinical condition, and there was one Caesarian 
poclion owing to high blood pressure. 
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There was a previous history of miscarriage or still-birtli in at least six 
cases, two of the patients (Pl3, P36) receiving progesterone therapy on 
this accoimt, in spite of wliich P 13 again miscarried. P36 was given 6 mg. 
progesterone weeldy from the 6th to tlie 10th weeks only, and thereafter 
vitamin E, adexolin and calcium lactate until 7i months, when she 
developed mild toxaemia; this responded to rest in bed and pregnancy 
terminated successfully. The onset of sj^mptoms of toxaemia coincided 
with a pronounced rise in pregnanediol output, which, however, did not 
reach excessive values. It is of interest that the administration of pro- 
gesterone and vitamins in the early stages of pregnancy did not prevent 



Fig. 16. Toxaemias of pregnancy — pregnanediol output (Table XI). 

the development of mild toxaemia at a later stage, and also that pregnane- 
diol values before its onset were quite normal ; this normality Avas observed 
also in P46 and P109 who Avas not treated other than by rest. 

It was first reported by Smith & Smith [1934] and later confirmed by 
Rakoff [1939] and by Siegler [1939] that the gonadotrophin content of the 
urine and/or serum in cases of pregnancy toxaemia AA-^as high, but BroAvne 
et al. [1938] Avere unable to confirm these findings. In the present series, 
the evidence in six patients in Avhom the gonadotrophin output is nearly 
related in time to the onset of the symptoms of toxaemia, supports BroAvne 
et al., the Ascheim-Zondek tests given in Table XI recording weak positives 
in four (P12, P13, P45, P68) and standard positiA’’es in tAvo others (P46, 
P74). 
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Pregnanediol output in diabetes 

The pregnanediol output was also ascertained in three diabetic patients 
(Table XII, Fig. 16); two of these were diabetics of 5 years’ standing, 
whereas the condition had developed only 3 months before the present 
pregnancy in the third (P69) who had had two abortions. There was a 
sudden onset of toxaemia at 8 and 7| months 
respectively in the first two (P 64 and P 76) ; 
this was accompanied by a sudden increase 
in pregnanediol output, which was very 
marked in P64, in whom it rose in one 
month from 64 to 137 mg./24 hr. At the 
time of the last analysis in P 76 albuminuria 
had not developed, but oedema was present 
and the figure for pregnanediol had already 
reached 90 mg. at 7^ months. The eclamptic 
convulsions and hypoglycaemic attacks 
which occurred in this patient during labour 
are to form the subject of a report by 
Dr C. E. Peaker to which reference may 
be made. In both cases pregnancy was 
terminated by Caesarian section. 

The occurrence of a marked increase in 
pregnanediol excretion at the onset of 
symptoms of toxaemia has caused the 
writer to view sudden increases with some Pregnanediol 

T4- Mil. 11 j xu x xi, ( + toxocmia in P 64 and F 70) 

suspicion. It will be recalled that the group XU), 

of abortions at high pregnanediol values 

contained several such cases ; however, the group of medium high normals 
contains three outstanding examples of this type in all of whom pregnancy 
was uneventful. 


tu^ 


Months pregnant 



Pregnanediol output in cases of foetal death 
This group (Table XIII) comprises thirteen cases in which the foetus 
was already dead at the time that the pregnanediol output was ascertained, 
and two others in which foetal death occurred 3 and 7 days afterwards. 
These two (P84, P107) have been included, as it was possible to relate the 
values verj’’ closely to the time at which the foetus died ; in both cases these 
values were high, but abnormally so in P84 who was excreting 50 mg. at 
•if months. 

Of tlic fifteen patients, only four aborted, and these have been described 
in the section devoted to abortion. In a case of ectopic pregnancy (PCG), 
the foetus was removed after the patient’s death. A hydatidiform mole was 
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expelled by P75 and nine other patients had medical inductions or the 
uterus was emptied. 

In seven cases foetal death occurred at or before the 3rd month, and, as 
was to be expected at this early stage, the pregnanediol output was either 
very low or negligible. When foetal death occinred after the 5th month, 
the values were generally high (five cases) ; however, in two cases at 5 months 
and one at 6 months very low values were obtained (P66, P116, P126). 

We have already seen that a satisfactory pregnanediol output is no 
guarantee that abortion will not occur, and it is also clear that such values 
do not necessarily indicate that the foetus is aUve. There is nothing in the 
attendant circumstances that might account for the totally different values 
associated with foetal death, and it is of interest that, in two women with 
severe or acute toxaemia, 5 and 52 mg. pregnanediol were excreted respec- 
tively at 51 and 7 months (P116, P12), although in the latter the foetus 
had been dead for 3 weeks. It can generally be said that values as low as 
those found in P66 and P 116 (Table XIII) at and after the 5th month are 
strongly suggestive of foetal death, but one cannot be certain in view of the 
very low output in P 40 at months (p. 22) and the absence of pregnane- 
diol at 19 and 21 weeks in a case recorded by Cope [1940a]. 

Therapy 

In an investigation of the effect of progesterone therapy in cases of 
recurrent abortion, MacGregor & Stewart [1939] describe the results of 
treatment in twenty patients who had had two or more successive abor- 
tions. The percentage of live births was 64, a figure significantly above the 


Table XIV. Table showing outcome of pregnancy ± therapy 



No. of 

Failures Successes 

Category 

cases 

% 

0/ 

/o 

(o) Those with previous miscarriages 

65 

36-4 

63-6 

{b) Those wnth 2 or more miscarriages 

39 

41 

59 

Of (6) receiving progesterone ± vitamin E 

23 

39 

61 

Of (6) receiving vitamin E only 

7 

14 

86 

Of (6) receiving no therapy 

9 

66*6 

33*3 

All receiving progesterone + vitamin E 

34 

26*5 

73-5 

All recoi\’ing vitamin E only 

13 

16*4 

84‘6 

All receiving no therapy* 

54 

60 

40 

• Including some that had therapy for 

10 days or 

less (Table X\TI). 



% to be expected on the calculations of Malpas [1938] when the number 
of previous abortions was more often three than two. In our series of twenty- 
three cases having a history of two to nine previous abortions (Tables XIV 
and XV) nine aborted and fourteen had live children, successes after pro- 
gesterone therap 3 ’ being 61 %. As twelve of the twenty-three women had 
three or more abortions the expectation of a full-time pregnancy would be 
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the same as MacGregor & Stewart’s, that is 40 %,^ and it is with this 
figure that our 61 % should be compared. The results are thus mainly in 
agreement with those of MacGregor & Stewart [1939] and of Bishop [1937], 
Kane [1936] and Elden [1938] in supporting progesterone therapy. 

Reference to Table XIV brings out three interesting facts: (a) The per- 
centages of failures and successes after two or more miscarriages are not 
significantly altered if the totals include those receiving either vitamin E 
therapy or no therapy at all (Table XVII) or if those with only one previous 


Table XVI. Particulars of patients receiving vitamin E therapy 


Case No, of mis- 
no. carriages Rest 

Vitamin E capsules 

Outcome of pregnancy 

P17 

4» -f 

30 mg. daily for 10 days at 4th 

Still-birth — incomplete 

P84 

0 + + + 

month 

1 daily from 8th week 

abortion at 7^^ m. 
Abortion at 18th week 

P18 

+ + + 

? Amotmt (E, A and T>) through- 

Live 

P26 

3t + 

out pregnancy 

2 daily throughout 

Live 

P56 

0 + 

c, 80 capsules, 3rd-5th months 

Live 

P60 

1 - 

1 daily from 3rd month 

Live 

P69 

2 - 

1 daily from 6th month 

Live 

P76 

0 - 

1 daily throughout pregnancy 

Live : Caesarian at 8i m. 

P98 

1 + 

2 daily from 2J- months 

Live 

Br R’8 X 

+ + 

2 daily finm 8th to 13th week 

Live 

P85 

2§ 

9 daily from 14th week on 

2 daily from 6th to 3 let week 

Live 

P120 

^11 -f + 

2400 mg. from 4th to 24th week 

Live 

P123 

0 + + 

3 daily from 8th to 16th week 

Live 


* All at 6-7 months. t All at 2-3 months. 

X Two at 2-3 months, two at 4 months (no pregnanediol analyses). 

§ Both hydatidiform moles. 1! At 6-12 weeks. 


Table XVII. Particulars of fifty-four patients receiving no therapy 



Total no. 
of cases 


Stage at which miscarried or aborted 
in this pregnancy: no. of cases 

Foetal 

death 

6i-7i 

months 

Category 

/ ^ 

2-4 months 4J— 6 months GJ— 8 months 



r 

16 9 6 

A A . A 

2 

Abortions or 
rniscarriagos 

32^ 

r~ " ~ 

■v /* -” "" ■ \ r '■ 

Pre^dous miscarriages 



1 

2 3 4 5 6 

Twins 

Live offspring 

OOj- 

4 

3 

1113 — 

o ___ 

3 


* Throo toxaemias of pregnancy. f Six toxaemias of pregnancy. 

miscarriage are added. (6) The group of patients with a history of two or 
more abortions given vitamin E therapy alone, although small (only seven 
cases, Tables XIV and XVI), contains three women with four pre%nous 

Clmnce of pregnancy after > four abortions assumed = chance after four only. 
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miscarriages, and for this reason the 86 % successes may be considered 
significant. Especially is this the case when one compares this with only 
33-3 % successes when no therapy was given to a group of similar size. 
The number of cases is too small to afford a proper comparison with the 
results of others, hut it is noteworthy that tlie records of some hundreds 
of cases of habitual abortion treated ^vith vitamin E give a mean of 
76-80 % favourable results. The literature is fully discussed by Vogt- 
MoUer [1939]. The data in Table XVI do not seem to support Shute’s 
contention [1936, 1936, 1937] that its beneficial value is limited to cases of 
threatened abortion, and that those patients habitually aborting do not 
respond, (c) It is possible to compare the merits of various lands of therapy 
only when these do not overlap. It was not intended at the outset of this 
study that such a comparison should be made, but since the therapy given 
was bound to affect the outcome of pregnancy, an effort has been made to 
evaluate this effect. Three forms of treatment have been considered: 
progesterone, vitamin E, and rest. For the last-named an arbitrary stan- 
dard has been adopted as described at the foot of Table XV. The effect of 
rest must he allowed for in assessing all forms of therapy, as also the part 
played by its absence when therapy toas wisuccessful. In the group devoted 
to vitamin E (Table XVI) rest may have played an important part in the 
outcome in P18 and P26 but it failed to compensate for inadequate 
vitamin E therapy in P84. Although P26 did not take any period of 
prolonged rest, it is lilcely that the abstention from effort played a con- 
siderable part in achieving success, as aU previous pregnancies had been 
associated with bank removals (her husband was a banker). 

The difficulty of assessing the effect of therapy between progesterone 
and vitamin E when both were given is obvious; the effect of rest has to 
be considered here also (Table XV). Examination of the cases in which the 
patients aborted suggests that in two (Pl l, P97) both forms of therapy 
were adequate, but insufficient rest was taken. The data are incomplete 
for P13 and P61, but vitamin E was certainly inadequate in P47’s case 
and may have been in P60’s. 

There has been much speculation as to the mode by which vitamin E 
acts, whether via the pituitary or directly on the gonad. Vogt-Moller [1936] 
considers that the collaboration of vitamin E with chorionic gonado- 
trophin is necessary for the formation of corpus luteum hormone, since 
Nielsen [1935] showed that the luteinization which occurs in rabbits’ 
ovaries in a positive Friedman test is dependent on the vitamin E which the 
rabbit receives in its food. Nielsen states, moreover, that the cholesterol 
content of the blood, which is high in normal pregnancy, but low in cases 
of habitual abortion, is raised by vitamin E. According to Shute [1936] 
liberation of an excess of oestrogens may be taken as evidence of vitamin E 
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deficiency; in other words, vitamin E is anti-oestrogenic. When symptoms 
of threatened abortion are associated with a satisfactory pregnanediol 
output, it seems likely that the symptoms are not due to a deficiency 
of progesterone but to vita min -E deficiency, which the patient’s own 
progesterone is unable to counteract. In this event it appears rational to 
treat such cases with vitamin E rather than with progesterone. 

Shute has repeatedly asserted that vitamin E in any dose is valueless 
in cases of habitual abortion, but he somewhat arbitrarily defines the 
latter as Hhe condition in which at least the last three abortions have 
occurred consecutively at or before the third month’ [Shute, 1940]. If 
thic definition be accepted, only one (P97) and possibly two (P137) in the 
group of ‘abortions at high levels of pregnanediol’ belong to this category, 
BO the remaining fifteen could suitably have been treated with vitamin E. 
However, it should be noted that three women, although belonjging to 
Shute’s category, were successfully treated with vitamin E only (P26, X, 
and P 120 in Table XVI). The pregnanediol maxima in the vitamin E 
therapy group ranged from 46 to 90 mg./24 hr. — a satisfactory output. 

Regarding the duration of therapy, MacGregor & Stewart [1939] express 
the opinion that progesterone need not be given beyond the 4th month, 
on the assumption that abortion in the early months is due to a deficiency 
of progesterone and is less likely to occur after the establishment of placental 
function. Reference to Table XV shows that abortion frequently occurred 
at or after the 4th month, and in four cases (Pll, 47, 50, 97) the con- 
tinuance of progesterone therapy failed to prevent abortion. Although the 
relation between pregnanediol output and progesterone secretion is not a 
strictly quantitative one, it would seem to be only a wise precaution to 
continue to administer progesterone when the values are persistently low, 
for fear of abortion or still-birth owing to foetal under-development. 
Shute actually recommends increasing doses of vitamin E, his argument 
being that placental development makes greater demands on the patient’s 
store of vitamin E as pregnancy advances. 

For purposes of comparison ^vith the data of Currie [1939], Macdonald 
[1939] and MacGregor & Stewart [1939] our results have been expressed 
in a form similar to theirs in the Tables XVIII and XIX. Examination 
of these shows that, in the case of habitual abortion (Table XVIII), therap\' 
^hether by progesterone, or \itamin E or both, caused an improvement of 
50-60 % on the number of previous successful pregnancies. The out- 
standing exceptions to these findings are 85 % improvement recorded b^^ 

‘ lacdonald [1030], S3 % by lies [quoted by Currie, 1939], and 77 % by 

ogt-Mollcr [1931, 1933, 1936]' all for vitamin E. Macdonald’s figures arc 
^ the more remarkable in that the number of previous successes was so 

* Two, twenty nnd fifty. two C4rw>e'=; n'^pe^ lively. 
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Table XVIII. Habitiial abortion: the effect of therapy — various 
authors' results compared 





Previous 

After 



No. of 

pregnancies 

therapy 



previous 

successes 

successes 


No. of 

preg- 

^ 

1 ^ 

f ■■ 

^ 

Authors 

cases 

nancies 

No. 

% 

No. 

% 

Vitamin E only 







Currie [1939] 

81 

274 

47 

17 

62 

76 

lies 

8 

29 

6 

17 

8 

100 

Macdonald [1939] 

18* 

53 

6 

9-4 

17 

94 

Macdonald [1939] 


6 

0 

0 

2 

60 

Vogt-Moller [1931, 1933, 1930] 

74* 

7 

0 

0 

67 

77 

Juhdsz- Schaffer [1933] 

6 

7 

7 

7 

6 

100 

Watson [1936] 

35* 

dlt 

St 

St 

25 

71 

Watson & Tew [1936, 1936] 

lit 

16 

6 

33 

9 

82 

Hain 

13 

33 

9 

27 

11 

85 

Progesterone + vitamin E 







Currie [1939] 

8 

7 

7 

7 

7 

87 

Falls, Lacloior & Krohn [1930] 

30§ 

7 

7 

31|| 

24 

80 

MacGregor & Stewart [1939] 

20§* 

65 

10 

15*4 

14TJ 

64 

Hain 

23* 

67 

3 

4-6 

14** 

61 


7t 

13 

6 

46 

6** 

86 


* Two or more spontaneous abortions. t One spontaneous abortion. 

{ Data given for only twenty-eight cases. § Progesterone only. 

II Figure for habitual and threatened abortion cases combined. 

TIf In twenty-two pregnancies. 

** Five breed! presentations in the two groups combined. 


Table XIX. Threatened abcn'tion: the effect of therapy — various 
authors^ results compared 


Previous After 

pregnancies therapy 


No. of 

No. of 
previous 

successes 

JL 

successes 

K 

t 

' 


> 

Authors 

Vitamin E only 

cases 

pregnancies 

No. 

Of 

/o 

No. 

Of 

/o 

Currie [1939] 

40 

7 

7 

7 

36 

90 

Macdonald [1939] 

20 

30 

21 

70 

8 

40 

Shute [1939] 

59 

7 

? 

? 

? 

68 

Watson [1936] 

16 

20 

13 

66 

11 

73 

Hain 

6 

7 

3 

43 

4 

80 

No therapy 

Hain 

24 

15 

12 

80 

6 

26 

Progesterone vitamin E 

Hain 

8 

11 

0 

0 

6 

02'6 

Falls et a^. fl936] 

28* 

Jt 

7 

31t 

24 

80 


t Figure for liabitual and threatened abortion coses combined. 


Progesterone only. 
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low. To take into consideration the number of previous successful preg- 
nancies probably affords a fairer basis for comparison than to compare 
percentage successes; for example, our own 85 % successes with vitamin E 
as against 61 % when progesterone ± vitamin E was given. The improve- 
ment was approximately 60 % by each method. The results do not 
support Shute’s contention that vitamin E is useless in the treatment of 
habitual abortion. 

The effect of vitamin E in cases of threatened abortion is not clear, as 
such varying results have been obtained by various workers. This is 
perhaps due to the fact that a common basis has not been employed. J£ the 
previous number of abortions affects the chances of success in a subsequent 
pregnancy, it is likely also to affect the chances when symptoms of threat- 
ened abortion are superimposed. It is important, therefore, to know the 
percentage of previous successes and failures. Furthermore, it is advisable 
to exclude aU patients who did not receive therapy for more than 10 days. 

In Table XIX Currie’s successes are highly fayourable to vitamin E, 
whereas Macdonald’s are not, especially when related to his previous 
successes. Shute’s figure (68 %) comes between Currie’s and Macdonald’s, 
but a comparison with previous successes is not available. However, as 
compared mth the absence of treatment there is a distinct improvement: 
this is more marked than in JIacdonald’s case (40 % as against 25 %). In 
our own small series, although the actual percentage of successes favours 
vitamin E therapy, progesterone + ^ntamin E yield a higher percentage 
improvement (62*5 % as against 37 %), As has already been stated, the 
object of the author’s investigation w'as not a comparison of methods of 
therapy and consequently the data are neither clear-cut nor numerous. 

Caesarian sections. The incidence of Caesarian section in the group of 
thirty -four wumen receiving progesterone -h\’itamin E therapy is higli 
(Ihl %) (four cases); a fifth case occurs in the vitamin E group. In each 
of the four cases in the combined tlierapy group breech presentation oc- 
curred and was associated with a lax abdominal \vall and flabby uterus; 
all the infants w‘cre born alive. A fifth case of breech presentation in this 
group (PS8) resulted in foetal death in the process of manual deliver 3 ’, as 
did also that in an occipito-postcrior position. The possible part plaj'cd b\’ 
progesterone in causing immobility' of the uterus leading to adoption of 
the brccch position has been examined: in two instances {P31, P57) 
injections of progesterone at the rate of 10 mg. weekly' w’ere indeed con- 
tinued as late as 4 and 6 days before operation, but in three others {P41, 
64. SS) progesterone therapy ceased at 31, 4 and 7 months, and two other 
cases of hroech presentation (P142,^ 20) were not so treated. It Is. therefore. 
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unliJcely that progesterone was in any way responsible for the high in- 
cidence of breech presentation in tiiis series; at the same time consideration 
might be given to the possibility that the anomaly may be due to a physio- 
logical condition intimately related to a defective endocrine or vitamin 
metabolism. The series is a small one, but 11'7 % Caesarian sections in 
thirty-four cases compares unfavourably with the foUoAving percentages 
in American literature: 0-8 [Tamis & Ideiu, 1940]; 1-9 [Heard, 1940]; 
2-96 [Mitchell, 1938], and ‘at most 4 %’ [Stander, 1933], figures, however, 
which relate to random series and not to a selection of more or less 
anomalous cases. 

Sterility 

Under tliis heading are considered women who had no viable ofi’spring 
for at least the last five consecutive years (Table XX). There were only three 
cases of primary sterility, if by this is meant an entire absence of pregnancy, 
the three being P86, Pill and Pl41. Married in 1933, P86 had one ovary 
removed and the other ovary reduced to a mere fragment in 1936 and, with 
the aid of progesterone -f vitamin E, carried through a pregnancy success- 
fully in 1940-1. Following ‘an overhauling for sterility a- few years ago’, 
P 1 1 1 on similar therapy, had a live child to her first pregnancy in 1 1 years, 
whereas P141 after the same operative treatment but no endocrine or 
vitamin therapy, miscarried. 

Particulars are also given in the same table of eight women married 
6-19 years but without a single successful pregnancy. Six (75 %) of these 
had live children : two of them with the help of progesterone + vitamin E 
therapy, two without either but only abundant rest, and two on vitamin E 
only. The honours are thus evenly distributed between the three forms of 
therapy. Of special note is P26, who had her first hving child in 19 years 
after a series of early miscarriages. 

The remaining six women in this table had had one or more five children 
followed by a lengthy interval during which there was either sterility or 
several miscarriages. Case P38 had a single live child in seven pregnancies 
in 11 years and this siuvived only 6 months. She had no therapy in any 
of these pregnancies nor did she rest ; dming the 1940 pregnancy, which 
terminated in a child now almost a year old, she had both progesterone 
and vitamin E and took a considerable amoimt of rest. Incidentally, it is 
noteworthy that, although in this case two injections of 6 mg. progesterone 
were a dm inistered weekly until as late as 6 days before parturition, labour 
was short and spontaneous. Two similar cases are described in the section 
devoted to Caesarian section (P31, P57). 

In the other five women at the foot of Table XX five or more years of 
sterility followed the birth of two or more five children. In one case (P 101) 
the facts suggest that the husband was at fault.; repeated toxaemia was 
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obviously to blame in P68 who was sterilized on this account. The only 
successful pregnancies were those of P64:, a diabetic aged 45, and P 29, who 
at 42 and after 5 years’ amenorrhoea, gave birth to twins. 


se 

6 

11 

41 

3 

4 

:6 


^9 

19 

..*8 X 
18 


"A 


58 

lOI 

135 


29 


Table XX. Outcome oj 'pregnancy in women sterile for upwards of 5 years 

No. of 


years 



Endocrine or 


married 

Age 

Obstetric history 

vitamin* therapy 

Outcome 

8 

27 

No pregnancy 

Progesterone and 
vitamin E 

Live 

11 

34 

No pregnancy 

Progesterone and 
vitamin E 

Live 

6 

— 

No pregnancy 

Rest in bed 

Miscarriage; 3 months 

9 

36 

2 still-bom, 1 miscarriage at 
months 

Progesterone 

Miscarriage (toxaemia] 

5 

30 

1 miscarriage at 3 months 

Progesterone 

Live 

19 

41 

3 miscarriages at 2-3 months 

Vitamin E 

Live 

11 

34 

2 abortions at 5-6 months 

Progesterone and 
\dtamin E 

Live (Caesarian) 

10 

35 

2 abortions 9 and 4J years ago 

Progesterone 

Miscarriage 

10 

— 

2 still-born (toxaemia) 

Rest and diet 

Live (toxaemia) 

7 

32 

4 miscarriages at 3-4 months 

Vitamin E 

Live 

8 

37 

4 miscarriages at 6 and 7 
months 

Rest in bed 

Live 

11 

29 

6 still-bom, 1 miscarriage at 

3 months, 1 full term lived 

6 months (1936) 

Progesterone and 
vitamin E 

Live 

G years 
fitorilo 

45 

3 full term (alive) before 1932; 

1 still-bom 1933 (toxaemia); 
sterility 1934-40; diabetic 

Prog£?5terone for 

1 'week only 

Live 

24 

42 

6 miscarriages after 9 live 
children (all 14 toxaemias) 

None 

Pregnancy mterrupted; 
patient sterilized 

1 1 (to 2nd 
husband) 


3 live full term to 1st husband; 

8 or 9 miscarriages to 2nd 
husband 

Progesterone and 
vitamin E 

Miscarriage 

t 

35 

5 miscarriages after 8 live 
children 

None 

Miscarriage 

? 

42 

2 live; no menstruation since 
birth of 2nd child 5 3 'ears ago 

None 

Live t\^nns at 8 months 
(2nd one a breech) 


• For amounts sec Tables XV and X^^. 


Examination of the records of the women listed in Table XX shows that 
only in those who miscarried was the pregnanediol output low; in all the 
others the maxima reached were between 40 and GO nig./24 hr., wliich are 
satisfactory figures. In two cases values above the normal were recorded : 
in PG4 a diabetic with toxic symptoms (137 mg.) and in P 135 whose out jmt 
at 4 months was 27 mg./24 hr.; the latter aborted 12 days later. It is 
impossible to assess the cficct of progesterone and vitamin E therapv in 
maintaining normal ]>rcgnanediol values. No indication i=i given in tlii- 
scries of the part undoubtedly played by rest, as particulars arc given in 
an earlier table. 
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Interesting cases 

Certain interesting cases are worthy of a brief record ; prolonged amenor- 
rhoea, generally associated with other symptoms, caused pregnancy to he 
suspected. 

Case P39 (aged 40) had not menstruated since a hydatidiform mole expelled 
Nov, 1939. On 8/3ji0 A.Z. wealdy positive; 19/3/40 A.Z, definitely positive; 
31/3/40 no pregnancdiol. Tlic patient was not pregnant; one is unable to explain 
a positive Aschheim-Zondek. 

Case P29 (aged 42) had not menstruated since birth of second child 6 years 
ago when persistent post-partum haemorrliagc for 4 weeks. On 7/3/40 uterus 
=4i months’ pregnane}^; 12/3/40 A.Z. positive; 17/3/40 pregnanediol output 
40 mg. Ante-partum haemorrhage in April and again in Maj^ for which the 
patient was in bed for 4 weeks. Live tvdns born July (8 months) of which the 
second was a breccli presentation. Onl}^ one slight menstrual period occurred 
in ensuing 7 months. 

Case PG3 (aged 47): amcnorrhoea 5 months; abdominal swelling, morning 
siclmess, had not been pregnant before, foetal movements absent. A.Z. negative; 
pregnanediol 1-2 mg./24 hr. Not pregnant, but N.B. some pregnanediol although 
no menstruation. 

Case P32 (aged 41); 0 para; months’ amenorrhoea; uterus =5i months’ 
pregnancy. At Gi months A.Z. negative; at Gf months pregnanediol output 
3*0 mg./M hr. Similar case to PG3. 

Case P71 (aged 40) ; uterus = 8 months at 3 months; foetal movements absent; 
X-ray negative for pregnancy; severe hj^dramnios. At 5 months A.Z. positive 
and pregnanediol output 54 mg,/24 hr. at G months; anencephalic monster 
removed at Gi montlis. 

Case P73 (aged 33); G months’ amenorrhoea; no foetal heart or parts. A.Z. 
positive at G^- montlis; pregnanediol 65 mg./24 hr. at 6i months; normal 
pregnancy. 

Case P72 (aged 26); 7 months’ amenorrhoea; uterus sligh tty enlarged but not 
= months. A.Z. negative; pregnanediol nil. 

Case P 162 (aged 27) ; 7 months’amenorrhoea ; uterus much enlarged ; s5^mptoms 
of threatened abortion. Pregnanediol nil; A.Z. negative. Curettage done im- 
mediately. 

Case P46 (aged 44) ; 6 para; uterus = 7 months at 5 months but no foetal heart 
or movements felt, A.Z. positive at 5 months and pregnanediol 21 mg./24 hr. 
Pregnancy -f toxaemia. 

Case P 75 ; uterus = 5 months at 3 months ; severe haemorrhage for some weeks ; 
suspected hydatidiform mole. Quantitative A.Z. positive at 2i months; preg- 
nanediol 5-5 mg./24 hr. , 

Case P49; rapidly increasing weight; gained 1 stone in 2i months; 6i months 
amenorrhoea. At 7 months, pregnanediol 41 mg./24 hr. Twins. 

Case P81; three negative A.Z.’s had been returned by a London laboratory; 
pregnanediol output was 22 mg./24 hr., showing patient was pregnant. 

The above series demonstrates the help that a knowledge of the preg- 
nanediol output can afford in differential diagnosis. A negative Aschheim- 
Zondek test after 6-7 months’ amenorrhoea is not informative owing to 
the lowex’ing in gonadotrophin excretion wliich occiu's normally at 6-/ 
months’ pregnancy. The excretion of considerable amounts of pregnanediol 
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in such circumstances is a clear indication of pregnancy, although not 
indicative of a living foetus (as can be seen fi:om the section devoted to 
Foetal Death, p. 43). 

Three of the above merit special comment. In case P 1 62, after the negative 
pregnanediol finding, an As chheim -Zondek test was done before it was 
thought safe for a dilatation and curettage to be performed. This is always 
advisable when the symptoms have made it clear that pregnancy existed 
up to this point. The low pregnanediol output in a case of hydatidiform mole 
(P75) was to be expected but had no diagnostic value, such as was pro- 
vided by the Aschheim-Zondek finding, Erom cases P 32 and P 63 it is clear 
that small amounts of pregnanediol may be excreted after the menopause. 
Indeed, P 32 was excreting as much as some women at the peak of a cycle 
which terminates in menstruation and one is inclined to speculate why 
menstruation occurs in one case and not in the other. 

Hydramnios in four women was associated with high values of preg- 
nanediol. 

Hyperemesis gravidarum: in three out of four women with hyperemesis 
the pregnanediol output was normal at the time of the symptoms; in the 
fourth the ovum was dead and consequently only a trace of pregnanediol 
was recoverable. Aschheim-Zondek tests gave a standard positive in all 
cases, and the excretion of combined oestrone ascertained in a single case 
was normal for the stage of pregnancy. Thus no hormone abnormality was 
foxmd associated with the condition ; this is in keeping with the findings of 
Brovme et aL [1938], 

Transverse myelitis occurred in a woman of 24 when 6 months pregnant 
(Pi 13); the condition rapidly developed into complete paresis of the lower 
limbs and labour had to be induced at 7 months, when a foetus 3-4 weeks 
macerated was delivered. The pregnanediol values associated T\dth the 
condition were low (12 mg. at 4 months, 17 mg. at 5 months and 28 mg. at 
G months at which point the foetus died). Tlie low’ pregnanediol output 
taken in conjunction with the findings of Einarson & Ringsted [1938] and 
of Bicknell [1940] that \ntamin E has a specific action on certain portions 
of the spinal cord and its nerve roots, as w ell as on the skeletal musculature, 
make one speculate as to the effect that its early administration might 
have had in this case. Tlic condition cleared up on the termination of 
pregnane}’. 

The iiicidaKC of congenital anomalies, Tlie wnsdom of preventing spon- 
taneous abortion is considered b}’ Shutc [1939] in a review of the literature: 
congenital anomalies w ere found to occur in 5-G % of viable children bom 
to luothers treated w'ith vitamin E or progesterone for threatened abortion. 
In our series, consisting of approximately 150 cases of threatened or 
habitual abortion, sterility and toxaemia, only six instances of foc*tal 
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abnonnnlity are recorded (4 %). Progesterone and vitamin E therapy 
wore given to only three of the mothers involved, for periods exceeding 
10 days. Hydramnios occurred witli four of the infants, one of "which was 
anencephalic. Three of their mothers "were aged 40-45, and one of these was 
diabetic; the fourth, aged 28, had had three miscarriages. The remaining 
two mothers received both progesterone and vitamin E throughout preg- 
nancy on account of sterility; their ages were 44 and 36; one aborted a 
monster having four legs, and the other was delivered at term of a live 
male having spinal curvature, who survived only 6 weeks. 

DISCUSSION 

In the foregoing study certain facts have been elucidated regarding 
abortion and threatened abortion which, besides throwing new light on the 
two conditions themselves, may have a bearing on the problem of par- 
tiurition. Enumerated the}’" are as folloivs : 

(1) In over GO % of patients in whom symptoms of threatened abortion 
were present the outputs of gonadotropliin and pregnanediol were such as 
characterize normal pregnancy and were not diminished. 

(2) Abortion occurred in seventeen cases within 1-16 days of a satis- 
factory pregnanediol output, and in others witliin a similar interval after 
a positive Aschheim-Zondek reaction. 

(3) On the other hand, (a) in spite of very low pregnanediol values 
(9^18 mg.), foetuses aborted at 6 and 7 months were alive and of normal 
development for the stage of pregnancy ; and (b) in several cases, pregnanc}’^ 
was maintained and abortion did not occur until either very little or no 
pregnanediol was excreted. 

(4) Moreover, pregnancy can proceed normally in the temporary absence 
of any pregnanediol output in its early stages. 

(6) Further, (a) amounts of injected progesterone which should have been 
adequate to maintain pregnancy failed to prevent abortion, and (5) pro- 
gesterone (10 mg. weekly) given over a considerable period and to within 
4-6 days of parturition, did not prevent a spontaneous and even short 
labour; (c) up to the onset of labour, pregnanediol values such as the 
following were excreted per 24 hr.: 22 mg. (P7), 34 mg. (P8), 66 mg. 
(Case 70), 28 mg. (P40), all of which were amounts justifying a continuance 
of the pregnant condition. One would expect a drop to negligible values 
if parturition is due to a cessation in the production of lute'al hormone, as 
has been claimed. 

In the absence of knowledge of the factors which determine the con- 
centration of hormones in a given fluid or of the processes controlling the 
elimination of hormones, it is necessary to take for granted that some 
relation exists between the amount of progesterone secreted and the 
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amount of sodium pregnanediol glucuronide excreted. On account of the 
failure of Hamblen, Ashley & Baptist [1939] and of Stover & Pratt [1939] 
to recover any pregnanediol after injecting progesterone, added to his 
own inability to recover more than traces of the glucuronide, Cope [1940c] 
expresses the opinion that the assumption that pregnanediol excretion 
bears any quantitative relation to corpus luteum activity is at present 
unsupported by evidence. Venning & Brovne [1937a, 1938], however, 
recorded recoveries ranging from 12 to 46 % of the amount injected, and 
have recently demonstrated that recovery depends on the normality of the 
various mechanisms involved in the excretion of the glucuronide; the 
problem is fully discussed and exemplified by them [Venning & Browne, 
1940]. 

Moreover, the production of a premenstrual endometrium by Kaufmann 
[1935] with some 35 mg. progesterone given over 7 days, together with the 
calculation of Comer [1937] that something of the order of 5 mg. proges- 
terone per day is produced during the premenstrual period, carry added 
significance when recoveries of as much as 20-60 mg. pregnanediol w’ere 
recorded soon afterwards for the luteal phase by Venning & Broume 
[1937a, 19376], and later by Hain & Robertson [1939] as w’ell as by others. 
We have accordingly, in the brief discussion which follows, assumed that 
a high and low pregnanediol output are not entirely without significance 
or incapable of being related to the conditions with w'hich they are 
associated. 

The facts that have been enumerated above make it clear that (a) abor- 
tion and parturition occur in spite of a plentiful progesterone secretion 
supplemented even by the injection of considerable amounts of pro- 
gesterone; (6) on the other hand, pregnancy and foetal development can 
proceed normall}" in spite of a veiy^ low’ pregnanediol output. In a number 
of cases such pregnancies terminate suddenly and prematurely, but up to 
llial point foetal development lias not been impaired, a fact w’hicli suggests 
that a low progesterone secretion is capable of maintaining pregnancy, and 
one wliich the data of the previous paragraph belie. 

The difficulty lies in trying to reconcile these conflicting findings. 
Abortion and tlie symptoms of threatened abortion w’ould appear to be 
unrelated to progesterone secretion in that adequate ninounls of the latter 
are unable to prevent either condition. The logical conclusion is that a 
factor making forahortion (‘abortive factor ’) exists over wliich progesterone 
has little or no power; when this factor is inactive, pregnanev is capable 
t»f being maintained by even small amounts of progesterone. 

In view of the antagonism known to exi-^t bctwcMiui cK^^strogen and jiro* 
gesterone. the i^ov^^ibility of oestrogen being llie factor in quotion should 
he et»n‘‘id('nHl : 
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7.5 oestrogen the abortive factor? 

(fit) Abortion botli in liuman beings and in animals may occur as 
the result of vitamin E defieiency, wliieh Shute [1936] has shown to be 
associated with a high blood oestrogen; vitamin E is anti-oestrogenic; 
progesterone cannot override vitamin E deficiency. Patients habitually 
aborting require more vitamin E than the normal pregnant woman [Vogt- 
Mollcr, 1936]. 

(6) Some days before the onset of labour there is a marked increase in 
the concentration of Combined oestrogen in the urine and this phenomenon 
may be a necessary prelude to tlie labour process, acting either directly 
or via the pituitary or both. 

(c) Emotional influence maj-^ act upon the pituitary in such a way as 
to bring about so marked an increase in the excretion of oestrogen as to 
result in abortion. This indicates that nervous stimuli can indirectly modify 
the concentration of hormones in body fluids ; the mode by vdiich this is 
brought about has been indicated by the recent work of Vazquez-Lopez 
[1940-1] in the horse. 

(d) As has been suggested by Marrian [quoted bj'’ Robson, 1940b, p. 211] 
enzymes may, under favourable conditions, release the active hormone 
from the conjugated compound and thus lead to a concentration of free 
hormone in an organ (for example, the uterus) higher than that present in 
the blood. The author lias been unable to find an association betu’een tlie 
concentration of free oestrogen in the urine and the onset of labour, but 
this does not preclude some such possibility as that suggested by Marrian 
in this paragraph. 

Venning & Browne [1940] and Pattee, Venning & Browne [1940] have 
recently observed that the injection of oestrogen over a short period causes 
a decrease in the total output of pregnanediol, and a shortening of the 
luteal phase of the menstrual cycle. On this analogy one would anticipate 
that, if oestrogen were the abortive factor in those cases in ivhich abortion 
occurred at high levels of pregnanediol excretion, the output of pregnane- 
diol would have been low. It is possible that in the pregnant woman, in 
whom much larger amounts of progesterone and oestrogen are secreted 
than in the non-pregnant woman, the added oestrogen might cause local 
disturbances (for example, in the uterus) more readily than it would affect 
the secretion and excretion of progesterone. It is clear from om- own two 
cases that a high oestrogen level (endogenous or injected) can be associated 
with, or indirectl}^ cause, abortive symptoms -without reducing the preg- 
nanediol output. The cases in question are; Pi 08, a cardiac patient, in 
whom a therapeutic abortion -^vas tried with the aid of a powerful oestrogen 
plus other drugs, and who aborted vlthin a few hours of a high pregnane- 
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diol excretion; and P8 who, under emotional influence, experienced a 
sudden excessive excretion of oestrogen as the result of which she nearly 
aborted : the pregnanediol output was unaffected. 

Is the abortive factor concerned vnfh the control of the 
concentration of progesterone in the blood? 

Since the concentration of sex hormones in the blood is obviously of 
paramount importance, variations in the factor controlling such con- 
centration can have far-reaching effects on pregnancy. It is clear that the 
process of hormone elimination is closely linked up with such control and 
it follows that the elimination of pregnanediol might be such as to bring 
about a lowering of its concentration (and of that of progesterone) in the 
blood, resulting in abortion. 

Is the abortive factor that which controls the pre-parturition rhythm ? 

Further evidence has been supplied of the existence of rhythmic fluctua- 
tions in hormone excretion during the last stages of pregnancy; the rh 3 ^hm 
is such as to suggest a definite extraneous control. Instances are given in 
this study of three full-term labours in which the phenomenon was manifest, 
and less complete data in a case of spontaneous abortion (case Pll) 
suggest that the same factor may have been at work. There is no evidence 
to show whether this was the pituitary or some other controlling agent. 

Is abortion due to progesterone-deficiency? 

That abortion in the presence of a high pregnanediol output (and, pre- 
sumabl 3 % of an adequate secretion of progesterone) ma^’ be caused hy an 
unspecified abortive factor is perhaps a rather obrious conclusion. It does 
not allow, however, for another aspect of the matter which concerns the 
efficient utilization of the hormone before excretion. Its excretion in con- 
siderable amounts does not necessarily imph’ either adequate utilization 
or normal endometrial development and placental function, and an 
abortion which occurs in spite of a satisfactory" pregnanediol output ma^- 
still be a progcslcrone-dcficicncy" abortion, such as occurs when the amount 
of progesterone secreted is unequal to the growing demands of the foetus. 
Such abortions arc generally (but not only) encountered in the early stages 
of pregnancy and arc associated with low pregnanediol values. 

Several instances of abortion in spite of high pregnanediol excretion 
figures have been cited in the literature: Cope [IPtOa] mentions three. 
Browne rt nL [ 1P:iO] one, and Randall Wilson [1030] a case of threatened 
]Woniature labour in which high prognanedir»l valuer were associated with 
a Inch gnnad(Urophin and low c><*>trin output. The iritore-tins: feature in 
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common is that in no case was the progesterone secreted capable of pre- 
venting the abortive symptoms. From these and our own group of 
seventeen cases, it is clear that the following statement by Robson [19406, 
p. 251], voicing the theoiy commonly held, needs modification: ‘In cases 
of habitual abortion in which abortion regularlj’’ takes place in the early 
stages of pregnane}^ this is preceded by a gradual fall in the amount of 
pregnanediol excreted in the urine and thus presumably by a decrease in 
the production of pi'ogestorone.’ 

Althougli it must be borne in mind that the mechanisms of abortion and 
jjarturition may be two different things, j'^et the bearing that these facts 
have on the causation of parturition is three-fold : 

(1) A high oestrogen level is of itself insufficient to set in tram the events 
which precipitate labour, but may play a secondary part in the process. 

(2) The values of pregnanediol and oestrogen excreted at the onset of 
labour (and abortion) are unimportant and may be high or low; there 
exists, apparentlj'^, a factor concerned with the control of their elimination 
and concentration in the bod}'^ and it is tliis factor which is probably 
directly responsible for parturition. This control is cyclic and rhythmic 
in its effect. 

(3) There is little doubt that the combined seci’etion of oestrogen and 
progesterone is essential for the maintenance of pregnancy, but their 
utilization maj’’ vary from individual to individual and at different stages 
of pregnancy; the peak in the output of both hormones which occurs 
during the last month of gestation may denote increased secretion or 
increased elimination^ or a change in utilization. It may, on the other 
hand, indicate that the pituitary responds differently to nervous stimula- 
tion at different stages of pregnancy, or that there is a change in the nature 
of its nervous control associated with parturition. 

The time seems to have come when it is neither sufficient nor entirely 
true to say that parturition is due to a fall in the levels of oestrogen and 
progesterone and efforts might profitably be concentrated on controlling 
their secretion and excretion. In this way much might be learnt not only 
of the cause of partmition but also of the maintenance of pregnancy and 
the prevention of abortion. 

The success attending progesterone or vitamin E therapy in cases of 
liabitual and threatened abortion is, without doubt, largely dependent on 
the cause or causes underlying the condition. In the absence of any means 
for determining whether this is faulty utilization of progesterone, a defi- 
ciency of the hormone, vitamin E deficiency or an unspecified abortive 
factor, it would seem to be safest to combine progesterone and vitamin E 
therapy, of which the latter seems as successful as the former. Clinicians 
^ Tins aspect was more fully discussed by Hain [1940], 
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should he cautioned against interpreting a satisfactory pregnanediol 
output as an infallible indication of a satisfactory pregnancy, o\ving to the 
number of abortions taking place at such values, but be guided by the past 
obstetric history of the patient. The same applies to positive Aschheim- 
Zondek and Friedman findings. 

STJiOtARY 

1 . The pregnanediol and oestrogen excretion was ascertained at firequent 
intervals throughout pregnancy in four women receiving therapy for 
recurrent abortion and in a normal woman during the last 3 weeks of 
pregnancy; one aborted at the 22nd week. Neither labour nor abortion 
were associated vnth a rise in the excretion of fi:ee oestrogen. Rhythmic 
fluctuations in hormone output, suggesting an extraneous control, occurred 
at the approach of term in the three full-term pregnancies and may have 
been present in the patient that aborted. There was no clear evidence of 
cyclic variations, in hormone output at monthly intervals. Suggestions 
are made as to the possible cause of previous abortions in the cases 
investigated. 

2. The gonadotrophin and pregnanediol outputs associated vdth symp- 
toms of threatened abortion are examined singly and together. In over 
60 % of cases the excretion of both hormones was such as occurs in normal 
pregnancy. 

3. Abortion occurs both at high and at low levels of pregnanediol 
excretion; seventeen cases of the former are described. 

4. Pregnanediol outputs were ascertained throughout pregnanc3^ in 
about 100 cases which terminated successfully; their value as a guide to 
therapy and prognosis and as throwing light on the nature of normal 
function is examined. Attention is drawm to the occasional absence of 
pregnanediol excretion in early pregnancy. 

5. The pregnanediol excretion in cases of toxaemia, diabetes and foetal 
death was also ascertained. 

6. The cfTccts of progesterone therapy, vitamin E and rest in cases of 
llircatoned and habitual abortion were analysed and compared with other 
authors' results 

7. The pregnanediol output is given throughout pregnancy in a number 
of women with over 5 years* sterility. 

8. Certain cases arc cited ns demonstrating the aid to clinical diagnosis 
afTorded by a knowiedge of the pregnanediol excretion. 

0. The discussion deals chiefly with the iK)ssiblc causes of abortion, 
and the mechanism of parturition. 

The ex]>cnscs of this investigation were partly defrayed by grants from 
the Medical Research Council and Moray Fund, for whicii our thanks 
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THE ENDOCRINE SYSTEM AND HAIR 
GROWTH IN THE RAT 
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The literature dealing udth the influence of endocrine organs on hair 
growth is not extensive, and the results reported are by no means con- 
cordant. In the rat there seems to be a specific influence of the thyroid, 
gland, the administration of which accelerates hair growth in some normal 
animals, but not all, whereas underfed animals respond more uniformly 
[Chang, 1926; Chang & Feng, I929J. Chang & Feng [1929J also noted that 
thyroidectomy slows the rate at which new hair grows, and found no 
difference in response between the sexes. They measured the time elapsing 
before growth on a shaved patch appeared to be complete. Butcher [1940] 
found that th 3 rroxin and various irritants such as xylene or capsicum 
decreased the time elapsing before the first appearance of new hair in 
underfed albino rats, whereas well-fed animals were not much affected. 

Freud [1934] found that normal, thyroidectomized, epiphysectomized 
and castrated male rats take 6-1 1 days to show a uniform new coat of hair 
over the whole of a denuded (plucked] area, but that hypophysectomized 
rats take 14-21 days. The period was restored to normal in h^'pophys- 
eotomized rats injected with a ‘non-purified growth hormone’. Snow & 
Whitehead [1935] also concluded that hypophysectomy decreased the rate 
of regeneration of hair after shaving in the albino rat, and that the in- 
jection of extracts of fresh anterior lobes of sheep or cattle restored the 
growth rate to normal. 

Butcher [1939] showed that the hair growth of adrenalectomized albino 
rats is greater than normal, and Butcher & Richards [1939] further record 
that adrenalectomy increases the hair growth of underfed rats, in which 
the adrenals normally hypertrophy [Jackson, 1916], and in which hair 
growth is retarded [Butcher, 1937]. The adrenal glands of rats thus appear 
to be capable of inhibiting or slowing the growth of hair, a finding which 
does not accord with the occurrence of hirsutism, apparently attributable 
to the adrenal glands, which may occur in human subjects. Stein & 
Wertheimer [1941], however, have sho-wn that adrenalectomy causes a 
transient increase in the rate of hair loss in rats, which occurred as markedly 
in medullectomized animals as in those from which the adrenals had been 
completely removed. This hair loss was inhibited by acid extracts of 
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adrenal medulla, and by sjmthetic Z-adrenalin. The authors conclude that 
the hair moult in rats is regulated by the adrenal glands. 

The above account covers most of the positive findings for the rat. In 
other species, various actions of different endocrine glands have been sug- 
gested or recorded. Hensel [1938] finds that hair growth in the guinea-pig 
is retarded by progesterone, but is not afiected by oestrogens or by 
pituitary extracts. Hu & Frazier [1940] foxmd that an oestrogenic extract 
of human pregnancy urine accelerated the first appearance of new hair on 
shaved patches in rabbits but did not increase its subsequent rate of 
growth ; in fact, the oestrogen-treated buck showed a slowing of the growth 
rate of the hair. The restoration of hair in man lifter spontaneous baldness 
appears to follow treatment with extracts of anterior pituitary glands in 
many cases [Bengston, 1931, 1934; Kohn, 1932], but Liord [1933] did not 
obtain good results with such therapy. The implantation of sheep pituitary 
glands has also been reported to cure some cases of alopecia [Stanley & 
Hawkins, 1933; Kylin & Dicker, 1939; Kylin, 1940]. Tscheme [1939] finds 
that hair grovi;h is increased by the treatment of castrated and post- 
menopausal women with oestrogens. Reviews of the literature on human 
cases in which various types of endocrine therapy have been tried are given 
by Stein [1936], Mayr [1939] and Tscheme [1939], 

The authors cited above have used various methods for measuring tlie 
hair growth occurring in their experiments, ranging in refinement from 
straightforward observations of the time taken for the new coat to start 
growing, or to appear full}" groum, to assessments of the weight of hair 
produced over the denuded area. Some investigators have also measured 
the rate at which the grouping hair increased in length. In a mammal such 
ns the rat, more than one t}"pe of hair occurs, and the rate of gro'^vth may 
vary over different parts of the body. Care must therefore be taken in 
comparative work to measure the same t}^e of hair in control and test 
groups, and to denude corresponding areas on the animals compared. The 
meaning of the term ‘hair groudlri must also be defined, as a particular 
treatment may (a) initiate an unusually rapid onset of growth on a de- 
nuded area, (6) cause more follicles to produce hair tlian would normally 
he the case, (c) cause the hair to increase more rapidly in length than is 
normal, (d) increase the weight (diameter ?) of indiridual growing hairs, 
with or without elToct (c), or (c) may have corresponding retarding effects. 

MATKUIAI.. AXD MrTHODS 

Details of the strains and body weights of rats U'^ed will be given at 
appropriate places in the tc.xt. The area studied in all instance-s was the 
tlanh, a portion of which, measuring about 5x2*5 cm., was sliavc^i or 
clippod. or depilated with barium sulphide paste. Famp]r-> of the grouirir 
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hair were jilucked at frequent intervals during tlie earlier tests, and the 
length of the four or fu’-e longest hairs measured with a pair of dividers and 
the average figure taken — variation often being very small. Care was taken 
to sample the area evenly, and the fine undercoat hairs were excluded. A 
record of the extent of regeneration was also made on each occasion, since 
very few rats grow a new coat over the whole of the denuded site. 

The first criterion of growth was the length of the hair. The second 
criterion v’as the area of regeneration, and it was found that, for statistical 
jJurposes, the proportion of rats in a group whose shaved. areas were com- 
pletely covered a coat of new hair at any given time afforded a good 
index of the extent of regeneration, and avoided attempts at compbeated 
planimetric measurements. 

In some later tests, after data relating to the normal coxu’se of re- 
generation of hair liad been estabbshed, fewer measurements Avere taken, 
at longer intervals, although observations were usuaby extended for a 
sufficient time to observe the incidence of the restoration of a full coat over 
the denuded region in almost all animals, or until it was apparent that a 
particular group of rats was significantly different in its response from the 
controls. 

CONTBOL AND EXPEEniENTAL DATA 

jffai'r groivth in untreated albino rats 

Preliminary tests Avere made with forty albino rats from the Glaxo 
Laboratories’ Wistar colony, tAventy of each sex, ranging in body weight 
from 1 14 to 157 g. The experiment was set up so as to determine the course 
of regeneration of hair in each sex after depilation by shaving or Avith 
barium sulphide paste, to compare the effect of denuding both flanks as 
against one flank, and to compare left and right sides. The results up to 
22 days after the beginning of the test are shoAvn in Table I. The twenty 
rats of each sex were divided into fmu groups ; the first Avas shaved on the 
left side, the second shaved on the left side and depilated AAuth paste on the 
right side, the third depilated with paste on the left side, and the fourth de- 
pilated with paste on the left side and shaved on the right side. Measure- 
ments were taken at 6, 8, 11, 14, 18 and 22 days from the start of the test, 
after which the coat in the most advanced animals was substantiaUy fall, 
but observations of the completeness of regeneration in others were con- 
tinued until the 42nd day. 

The way in Avhich hair groAvs over a depilated area is pecubar and does 
not seem to have been noted by other investigators, whose reports usually 
convey the impression that a neAV, complete coat springs up over the whole 
of a shaved patch, and then grows to normal length. In all of the tests 
made AAdth rats, with very feAV exceptions and those only in young animals 
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(see Inter), both ninles and fcuialcs failed to grow new hair over tlie whole 
of the denuded area ilnmediatel 3 ^ Instead, a patch or patches of hair 
commenced growing straight aAvay, but other areas remained dormant. The 
hairs measured in this work have been taken from these early-growing 
patches. Between 11 and 18 da 3 's after the beginning of the test, the 
remaining dormant areas then produced a later crop of new hair, which, 
with few exceptions, covered the rest of the bared patch, and the rat was 
then said'te) have a ‘full coat’, in the cense that no bare region remained. 
The later crop of hair grows at the same rate as did the first, and eventually 
catches up with it. A glance at Table I shows that the percentage of full 
coats in both males and females rises steeply from 0-5 on the 11th day to 
90-95 on the 18th da}'', and in fact the majority of animals start the later 
hair growth practically simultaneously on the 13th-15th days. 

Female rats sometimes fail to grow any hair immediately, and the onset 
of all growth may be delayed until the period of the 2nd growth phase. 
A few males also show the same phenomenon, but in the present (control) 
series no males, but eight females failed to show immediate grov'th of hair. 
This has caused the variance of the data for the female growth curve to 
be consistently greater than that for the males, particularly in the early 
stages, and if sueh ‘non-starters’ are omitted from the calculations the rate 
of female hair growth is almost as Jiigh as fot' males, but such an arbitrary 
procedure has not been followed, as the inclusion of the non-starters permits 
expression, in the growth curves, of a significant sex difierence, 'without 
seriously impairing the sensitivity of tests at the later stages of hair 
growth. 

The relative effects of shaving and of depilating with paste on one or 
both sides, and the sex difference and difference in response between right 
and left sides were examined by considering the data for the 11th day, 
about half-way through the growth period (Table II). The whole of the 


Table II. Analysis of variance of hair growth on the 


11th day for the rats 

listed in Table I 



Sum of 

Degrees of 

Mean 

Variance 

squares 

freedom 

square 

Between sexes 

102-238 

1 

102-238 

Between treatments 

0-6078 

1 

0-6078 

Between sides 

10-30 

2 

6-160 

Error 

866-167 

66 

16-667 

Total 

969-213 

69 

— 


data for the complete test might have been used for these comparisons, 
but in view of the straight-line relationship between growth and time (see 
below) it did not seem likely that the extra calculations involved would 
give any much greater accuracy. 
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It will be seen that the symmetry of the test is such that the eflfects of 
shaving and of depilating with paste may he compared from the corre- 
sponding totals for each treatment. The effects of denuding both sides or 
one only, together with any differences due to the actual side of the body 
denuded, may he compared from the three totals under those headings, the 
2 side : 1 side comparison being made from left sides only, and the sex 
difference may he similarly estimated. The mean growth at 11 days on 
shaved areas (both sexes together) was 10* 93 mm., and on areas depilated 
with paste was 11-12 mm. The growth on the left sides of animals vith 
undenuded right sides was 10-58 mm., on the left sides of animals with 
depilated right sides (shaved -f paste) was 11-58 mm., and on the right 
sides was 10-93 mm. The hair of males grew 12-40 mm., on the average, 
and that of females grew 9*65 mm. 

Effects other than a sex difference in growth thus appear to be negligible, 
and this is confirmed by an analysis of variance (Table II). The only 
significant difference in variance from the error term is for that between 
sexes (P < 0-02, where P is the probability of as large a difference occurring 
by chance). It thus appears that hair growth is not easily affected by 
minor factors such as the method of depilation or the total amount of hair 
removed. Hair growth was also uncorrelated with body weight in the small 
range investigated in this series. 

The same rats were next used for a further test, in which those which 
had previously been depilated on the left side only were now shaved on 
both sides, depilation by barium sulphide being abandoned (Table III). 
No significant differences were found in this second growth test, except 
that due to sex, which was approximately the same as before. The data 
in Tables I and III were therefore combined for making a growth cur\'e, 
showm in Fig. 1, from which it is seen that the growth of hair in both sexes 
bears a linear relationship to time, from shortl}- after its inception to near 
the length of the normal coat. Regression lines fitted to the data are 
i/ = 0-871Gf + 2-G34 for males, and y = 0*7485/ -i- 0-988 for females, where 
t/ = hair growth in mm. on day /. Males thus grow a little under 1 mm. of 
hair per da}", and females about J mm. 

The standard errors given in Tables I and III arc the standard errors of 
the means. They were calculated from the left side measurements onlv in 
the first series (Table I), in order to avoid weighting the means bv the 
inclusion of two readings from some animals and one from others. In the 
second series of measurements (Table III) they were calculated from all of 
the measurements, ns each animal was shaved on both sides. From the 
data for the two series combined, female rat.s show no significant corre- 
lation between growth on the two sides of the body (r=(>-2ri2. P>o*I), 
but males show a highly significant correlation {r=rO«slo, P<o.r>rii\^ Thi^ 
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difference is in part due to the moderately frequent failure to grow any 
hair on one side in females, while the other side produces a growing patch. 

The two series also agree as regards the growth of full coats, the second 
showing as sharp a rise, from 0 to 85 % , within 4 days. In order to make 
sure that the areas which remained dormant were not damaged by de- 
pilation, a group of nine male rats was carefully clipped with scissors so 
as to leave a very short even stubble over the area. These rats grew hair 



Fio. 1. Hnir gTO^^'th in albino rats. 3 Males depilated for tho first time. J) Males depilated 
for tho second time. © Females depilated for the first time. Q Females depilated for tlie 
second time. 

at the same rate as those above, but were about 1 mm. in advance through- 
out, and showed exactlj^ the same phenomenon as regards the incidence of 
temporarily dormant areas. On the Stli day after clipping, no rat showed 
a full coat, i.e. the stubble on part of the clipped area in each rat had not 
grown; by tlic 13th da}^ one was fully growing; and b}’ the ITtli day, seven 
of the nine rats had full coats of growing hair. The second phase of hair 
growth shown by shaven or depilated rats is therefore not related to injurv 
to the follicles. 

Hair growl h in unf rented coloured rats 
In onlcr to investigate the effect of coat colour on hair grout h, dealer^’ 
rats, which were throwing albinos, fawns, brouns and hooded (brown and 
white) rats, intennixed in litters, were used, Tlie requisite miinber of males 
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of each ty})c was obtained from as few litters ns possible, in order to reduce 
inter-litter differences, but it was not possible to arrange a test in which 
litters Were distributed among colour groups in a balanced manner, nor to 
obtain rats as uniform in body weight as I should have liked. The rats were 
first shaved when young, at body weights of from 37 to 103 g., and in a 
second test they were used at 119-200 g. The rats of the second test Avere 
mainly those which had already been used when younger. 


Table IV. Effect of coat colour on hair growth in young male rats 



No. 

of 

rats 


Avorago 

body 

weight 

g- 


Hair 

growUi in mm. 

on day 


Group 

Colour 

3 

7 

10 

13 

10 

To 

1 

6 

Albino 

G5 

0*8 

1*8 

3*6 

5*5 

9*1 

IM 

2 

4 

Fawn, 

oG 

2*1 

4*2 

6-4 

S-G 

10*9 

14*5 

3 

4 

Brown and white 

GS 

3*5 

7*0 

9*3 

12*4 

13*0 

15*4 

4 

6 

Brown 

78 

3*3 

7*0 

9*9 

11*4 

13*4 

15*1 






Number 

with full coats 

. . ji. . 


1 

5 

Albino 

05 

0 

1 

1 

1 

2 

3 

2 

4 

Fawn 

5G 

0 

1 

1 

1 

2 

2 

3 

4 

Brown and win* to 

GS 

\ 

0 

2 

3 

3 

3 

4 

6 

Brown 

7S 

2 

2 

3 

3 

3 

4 


Table V. Effect of coat colour on hair growth in adult 
male rats, five rats per group 




Avorago 







bod3»^ 


Hair growth in 

mm. 

on day 



weight 

/ — 

. X. _ 


A 

Group 

Colour 

g* 

4 

8 

12 

17 

1 

Albino 

137 

3*8 

6*3 

9*4 

13*7 

2 

Fawm 

159 

5*6 

10*2 

13*4 

16*2 

3 

Brown and %\diite 

182 

C‘4 

11*2 

15*8 

18*4 

4 

Brown 

177 

5*6 

9*3 

12*7 

16*G 


Number with full coats 


1 

Albino 

137 

t 

1 

1 

1 

4 

2 

Fa^vn 

159 

0 

0 

1 

5 

3 

Brown and white 

182 

0 

1 

2 

5 

4 

Brown 

177 

0 

0 

0 

3 


The results are shoAvn in Tables IV and V. Hair groAvth in the rats when 
3mung was slower than in the second test. It was also sIoAA^er in the albinos 
of this series tlian in the albinos previously tested, and slmver also tlian in 
the coloured rats of this series. The same seriation, albinos, faAvn, brown 
and broAA'n and Avhite (hooded), in order of increasing rate of growth, is 
seen in each test. Testing the data for the 7th day (Table IV), Avhen the 
differences betv’een groups Avere maximal, aa'G nevertheless find that only a 


73 


ENDOCRINES AISTO HAIR GROWTH 

low degree of significance can be attached to the results, as the ratio of 
the variance between groups to that within groups is 3-1, giving a P of just 
over 0’05. If groups 1 and 4 are compared by a f test [Fisher, 1938], 
i=3'3, P<0-02, hut as these two groups have been selected in a non- 
random manner, the degree of confidence with which we can assert that 
their means differ is again low. At no level do the mean responses in 
Table V differ significantly from one another. It seems, however, that the 
degree of variation among these mixed albino and coloured rats is such that 
they are imsuitable for use in tests. The incidence of full coats also varies 
\videly from that for the Glaxo albinos, as a complete new coat may be 
seen in this stock as early as 3 or 4 days after shaving, but was not 
seen before 11 days in the Glaxo rats, or in rats from our o\vn Wistar 
colony. 

There was no significant correlation between body weight and rate of 
regeneration of hair in the mixed stock. A test of the results from which 
Table IV was compiled gave a correlation coefficient of 0*175 for the data 
of day 10, which with 16 degrees of freedom is insignificant. As these 
results showed more likelihood of giving a significant correlation than any 
others, further tests were not made. In view' of the slower rate of hair 
growth in immature animals as compared with adxilts, it w'offid be unwise 
to include them in a test, in which the intra-group variance is to be limited 
as far as possible. 

Effect of gonadeclomy 

Albino rats of the Glaxo strain were gonadectomized w'hen adult and 
their hair growth investigated as before. Twelve days after sha\dng, the 
castrated males, eight in number, average bod}’’ weight 172 g., had growm 
14*1 nim. of hair; and nine ovariectomized females, average body weight 
154 g., had grown 12*2 mm. One of the females failed to grow' any new' 
hair before the 12th day, and if this rat is omitted from the calculations 
the average grow’th is 13*8 mm. 

The ( test show'cd no significant difference between the two groups, 
whether the aberrant female was omitted or not, or betw'cen the hair 
growth of the gonadectomized rats of either se.x and that of the normal 
vialr^s previously investigated. In both groups, three rats showed full coats 
of hair by the 12th day, and all were fully covered by the 17th day, 
showing in this respect no difference from normal rats. 

Gonadcctoiny thus increased the growdh rate of hair in female albino 
lats to n rate indistingnisbable from that of nonnal nialci^, and did not 
affect that of males signilicanllv. 
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Effect of thyroidectomy 

Nino female albino lats of tlie Institute’s Farm stock were thyroidecto- 
mized Avlien adult, and tested 3 months later at an average body Aveight of 
1C3 g. At autopsy, six of the rats Avere found to have no thyroid tissue 
remaining, and three sJioAA'ed traces of unremoved or regenerated tissue. 
By the 24th day, the six completely thyroidectomized rats had groAAm only 
12-9 mm, of hair, as compared Avith a control groAvth of 17-5 mm. in ten 
controls, and only two had produced full coats. The three incompletely 
operated rats shoAved full coats by the IGth day, and had groAAm 19-2 mm. 
of hair on the 24th day, thus behaving like the controls, from Avhich they 
did not differ significantly. 

ThjToidectomy therefore decreases both the rate of hair groAA'th and its 
completeness in female albino rats, a t test shoAA'ing a significant diflbrence 
betAveen the test and control groups (P<0*05). 

The results AA'ith gonadectomized and thyroidectomized rats thus gave 
sufficient indication that the test method is adequate for detecting experi- 
mental alteration of the rate and extent of hair regeneration. Further 
experiments Avere therefore directed to discovering the effects of various 
injected or inuncted substances. 

As many of the substances tested Avere ineffective, details AA'ill be given 
only of the positive tests, the rest being summarized in Table VIII. Tests 
in Avhich hair groAvth was affected by treatment comprise those Avith steroid 
hormones, and Avith extracts of rat pituitary glands. 

Effect of ocstrogens and androgens 

Table VI presents a summary of simultaneous tests conducted on adult 
albino rats of both sexes, aU from the Institute’s OAVn colony. The sub- 
stances were injected, or inuncted in oil on the shaven patch, and measure- 
ments Avere taken during and after the 14 days of treatment. Hair groAvth 
on the 14th day is shown in the table, and the completeness of the ncAV 
coat recorded for later dates. 

Tested by variance ratios [Fisher & Yates, 1938] the tests with both 
male and female rats shoAV significant deviations from a random distri- 
bution of the mean hair growth (ratio for males = 4-60, P < 0-01 ; ratio for 
females = 3-94, P<0-06). t tests of separate groups compared Avith the 
controls show that the significant deviations are to be attributed to the 
males inuncted AAuth oestrone (i = 2-36, P<0-05) and the females injected 
with oestrone (f = 3-06, P < 0*02). In both these groups the administration 
of oestrogen causes a significant retardation of the rate of hair groAvtli. The 
groups in Avhich males were injected with oestrone, and females inuncted 
with oestrone, although they shoAV less groAvth than their respectiA'^e 
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Table VI. The effect of testosterone and oestrone in oil on hair growth 
in the albino rat, five rats per group 


Average 




Daily 

Daily 

body 

Hair grow-th 

%fuU 

%full 



dose 

volume 

weight 

after 14 days 

coats on 

coats OE 

Substance 

Route 

mg. 

ml. 

g« 

mm.±cr„, 

18th day 26th daj 

(a) Male rats 








Testosterone 

Subcutaneous 

0-25 

0'5 

190 

19*2 ±0*60 

80 

100 

Testosterone 

inuncted 

0*1 

0*1 

161 

17-6 ±0-49 

80 

100 

Oestrone 

Subcutaneous 

O'l 

0'5 

174 

17-3 ±0-20 

0 

0 

Oestrone 

Inuncted 

005 

0-1 

161 

16-4±0'58 

0 

0 

Controls 

— 

— 

— 

171 

18'l±0-43 

100 

100 

(t) Female rats 







Testosterone 

Subcutaneous 

0'25 

0*5 

149 

16*5 ±0-59 

100 

100 

Testosterone 

Inuncted 

O'l 

0*1 

152 

18-0±0-32 

80 

100 

Oestrone 

Subcutaneous 

0-1 

0-6 

162 

15*5 ±0*22 

60 

100 

Oestrone 

intmeted 

0-05 

0*1 

157 

16*4 ±0-62 

60 

60 

Controls 

— 

— 

— 

145 

16-9 ±0-40 

80 

100 


controls, are not significantly different from them. On the other hand, both 
groups of oestrone-treated males show highly significant delay in the 
formation of a full coat, there being bare patches on all of the rats so treated 
as late as the 26th day, while the controls showed full coats by the 18th 
fiay. Oestrogenized females showed only a slight delay in this respect. 

The injection or inunction of testosterone did not affect hair grow’th in 
either sex. This contrasts to some extent vdth the findings of Zuckerman & 
Parkes [1939], who showed that in the castrated Hamadryas baboon, the 
injection of testosterone propionate caused a resumption of the grey coat 
with longer hairs which is characteristic of the normal male. In an 
immature drill injected with testosterone propionate, the coat also became 
much thicker. In these Primates, male hormone has an undoubted in- 
fluence on the character of the hair, if not also on its rate of regeneration 
and growth. There is of course abundant evidence that hair distribution in 
man is dependent on the internal secretions of the testis. 

In a further test, in which adult male rats had been implanted with 
tablets of various oestrogens and androgens, the effect of oestrogens in 
inhibiting hair growth was again apparent. The rats were shaved several 
"eeks after the implantations had been made, and the hair grown after 
14 days in rats carrA’ing tablets of testosterone mono- or di-esters was 
16*9 ± 1-25 mm. in ten rats, and in those carrA'ing oestriol, oestradiol and 
'arious mono- and di-estors it was 8*96;^: 1-Gl in thirteen nits. The differ- 
ence is very highly significant. In the group carrying tablets of androgen. 
^9 .o had full coats on day 14. when only 1 5* t of tho«e carrying o^strt>:ren 
tablets had full coats. 
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Ocstiogens tlius liave a potent action in decreasing the rate and extent 
of hair regeneration in male rats. Tlicy decrease tlie rate of hair growtli in 
females, but to a lesser extent, and tliis will be expected if intact females 
are presujued to produce endogenous ocstrogens in sufficient quantities to 
cause almost a maximal inhibition of the growth of the hair, independent of 
exogenous material. 

Effect of extracts of rat pituitary glands 

Table VII sliows the effect of two types of extract of pituitary glands 
from rats. A significant increase in the rate of growth of iiaii’ was obtained 
when a crude saline extract of female pituitaries was injected into females 
(t = 2-69, P ca. 0‘02). This extract was prepared by grinding freshly obtained 


Table VII. The effect of injected, extracts of rat pitnitary glands on 
hair groioth in the albino rat. Five rats per grotip, controls 
nine rats per group 



Daily 

Daily 

Sex 

Average 

body 

Hair growth 

% full 
coats 

Typo of r/it pituitary 

dose 

voliune 

of 

weight 

after 10 days 

on 18th 

extract injected 

mg. 

ml. 

rats 

g- 

mm. + cr,^ 

day 

Acotono-driod fomalo 

3 

1 

? 

184 

12-8 ±0-96 

100 

glands in saline 

Crude saline extract of 

20 

1 

9 

162 

14*3±0*32 

80 

female glands 

Controls 



$ 

172 

12-7±0«38 

89 

Crude saline extract of 

20 

1 

(? 

124 

11-2±2*GS 

80 

mixed male and female 
glands 

Controls 



5 

MG 

12*8±l-05 

78 


glands with sand and safine, leaving them overnight in the cold store, 
centrifuging next morning and adjusting the p's. to 8*6, regrinding the 
residue and centrifuging again, and adjusting the pS once more to 8’5. 
It was used at a concentration of 20 mg, of original tissue per ml. of saline 
extract. 

A suspension of acetone-dried pituitary glands from female rats was 
ineffective in females, and a crude saline extract of mixed male and female 
glands — ^there being insufficient glands of one sex available — ^^vas in- 
effective in males. It will be noted in Table VII that only 3 mg. per day 
were given of the acetone-dried glands. This is because 3 mg. of dried 
glands are approximately equivalent to 20 mg. of fresh material. 

The interesting result with the crude extract in females has not yet been 
repeated, since insufficient numbers of rats are available for preparing the 
extract. In any case, it was not unexpected, since the only clear-cut cases 
of success in stimulating hair growth in humans have been treated with 
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pituitary preparations. It is in fact surprising that a variety of other 
pituitary extracts, whether from fresh or dried material (Table VHI), have 
been without effect, and one may conclude that the normal rat’s hair is 


Table VIII. Substances having no significant effect on hair 
growth in the albino rat 


Substance 

Daily 

dose 

mg. 

Solvent 

Sex of 
rats 

Remarks 

Progesterone 

1-0 

Oil 

6 


Dcsoxycorticosterone acetate 

1-0 

Oil 

^ and ? 

Subcutaneously implanted 

Thyroxin 

0-1 

Water 

6 $ 

tablets also ineffective 

Prolactin (ox), AP. 48. C. 

2-6 

Saline 

d and ? 

Contains growth hormone 

Prolactin (pig), AP. 74, C. 

2-5 

Saline 

d and ? 

Contains growth hormone 

Acetone-dried pig pituitary 

100-0 

Saline 

d and ? 

— 

glands 

Acetone-dried ox pituitary 

100-0 

Saline 

d and ? 

— 

glands 

Acetone-dried horse pituitary 

100-0 

Saline 

d and ¥ 

— 

glands 

Fresh crude extract of ox pitui- 

250-0 

Saline 

a 

Iso effect on castrates 


tary glands 

not capable of growing at a. much greater rat-e than it exhibits spontane- 
ously, particularly in males. Perhaps the response of females to the crude 
rat pituitary extract may be due to the fact that the growth of their hair 
is retarded by endogenous oestrogens, the effect of which may be overcome 
by additional stimulation from injections of pituitary substance. 

Effect of other substances 

Although thyroidectomy affects hair growth adversely, the adminis- 
tration of thyroxin to normal rats did not increase it (Table VIII). Pro- 
gesterone, dcsoxycorticosterone acetate and the various pituitar^^ extracts 
already mentioned were also ineffective. 

SUMMARY 

1. Hair growth in the rat after depilation b^' shaving or b^^ barium 
sulphide paste was assessed by the length of the new hairs at stages during 
their growth, and by estimating the completeness of the new growing 
patch. Growth was not affected significantly in normal rats by the method 
of dcjnlation, the area depilated, the side of the bodj^ used, or by previous 
depilation. Part of the denuded area starts to grow immediately; the rest 
of it docs not show any new hair until between 11 and IS days after the 
hogimnng of the experiment in adult rats, but the second growtli phase 
occurs earlier in immature rats. 

2. Male albino rats grow hair faster than females, on the nveracre, but 
the hair of castrated males and ovariectomir.ed females grows at about the 
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same I'ato, equal to that of normal males. Growth of hair in mixed albino 
and coloured rats, bred from the same (dealers’) stock, was more variable 
than in albinos, which were therefore used exclusively in tests. 

3. Thj’Toidectomized female rats exhibited less rapid and less complete 
hair growth tiian normals. 

4. Administration of androgens did not affect hair growth but oestrogens 
slowed it, more strongly in males than in females, in which more endogenous 
oestrogen is presumably already at v'ork. Oestrogens also tend to cause bare 
j)atches to persist on the shaved area. 

5. Female rats exhibited increased hair growth when treated with a 
crude saline extract of the pituitary glands of female rats, but were in- 
sensitive to acetone-dried material from the same source. Male rats were 
unaffected by a crude saline extract of mixed rat pituitaries. 

6. Other substances tested, and Avhich did not affect hair growth, were 
ijrogesterone, desoxycorticosterone acetate, thyi’oxin, and various crude 
and refined extracts of ox, horse and pig pituitary glands. 

I am indebted to Dr F. G. Young for the various ox, horse and pig 
pituitary extracts used in this rvork, and to jMessrs Ciba, Ltd., for testo- 
sterone and desoxycorticosterone acetate. 
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THE EFFECT OF IMPLANTING TABLETS OF SYN- 
THETIC OESTROGENS ON THE HISTOLOGY 
AND CYTOLOGY OF THE ANTERIOR 
PITUITARY OF IMMATURE RATS 

By C. L. foster 

From the Department of Biology, Middlesex Hospital Medical School, 

London, W, 1 

(Received 14 August 1941) 

This paper is a report on the histological and cji:ological changes observed 
in the anterior lobes of the hypophyses of a number of immature rats of the 
Wistar strain, subjected to the subcutaneous implantation of synthetic 
oestrogens in tablet form. A detailed account of the experimental v^ork 
has already been published [Noble, 1939], and only those parts immediatel 3 " 
relevant to this investigation \vill be quoted here. 

METHODS 

The animals were killed bjLhaving their necks broken, and the pituitarics 
were removed immediately, cut into tAvo parts, and fixed in Champy^’s 
fluid. In a number of instances, indicated in Table I, pieces were post- 
osmicated according to the method described by Severinghaus [1932]. 
By this method, a number of excellent impregnations of the Golgi bodies 
was obtained. Several staining techniques were used, but the most satis- 
factory* were: 

(1) A combination of Altmann’s mitochondria method, using a saturated 
solution of acid fuchsin in aniline water, followed by Mallon*’s 
aniline-blue, orange-G mixture and 

(2) The acid fuchsin, mcthyl-green, acid-violet technique described by 
Severinghaus [1932]. 

The latter was found to be more precise for cytological detail, whereas 
the former gave a better gross differentiation of the chromophil cells, 
especially the basophils. The glands were sectioned at 2-4 p, 

Pituitarics ftxun normal immature and mature nnimah' were fixed, 
sectioned and stained in the same manner for purj’kO^<-s of coinpari^-nn. 
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EESUI-TS 

Table I gives a summary of the more important histological and cyto- 
logical features of the anterior lobes of two male and two female immature 
rats implanted with 10 mg. tablets of stilboestrol or 4:4'-dihydroxy-a:j3- 
diethylstilbene [substance 27 in Noble, 1939] over a period of 10 weeks. 
With the exception of rat 748, the pituitaries showed a marked enlarge- 
ment which was especially noticeable in rat 759. The pituitary of rat 748 
presented an almost normal* histological picture, except for the extensive 
degranulation of the basophil cells, and the increase in chromophobes; 
some of the large chromophobes, from the position and form of their 
Golgi bodies, being degranulated basophils. The remainder of the pituitaries 
all showed, in a greater or lesser degree above the normal, an increased 
vascularity, a generalized enlargement of the Golgi bodies, and mito- 
chondria (Plate I, figs. 1, 2), and an increase in particular of the large 
chromophobes. The latter are clearly to be interpreted as degranulated 
cluomophils, as Severinghaus [1936, 1937], Klirkraan [1937] and others 
have shown. As will be seen from Table I all four pituitaries showed that 
the oestrogenic substances had brought about a degranulation of the baso- 
phils, and in two instances (759 and 763) this was complete. The changes 
in the acidophil cells were of the same nature, but the extent of the effect 
was rather more varied, with 748 presenting an almost normal acidophil 
picture and 763 showing complete degranulation. 

Another series of immature female rats had been implanted over a period 
of 17 wxeks with 10 mg. tablets of 4:4'-dili3’droxy-y:5-diphenyl-^:5-hexa- 
diene [substance 26 in Noble, 1939]. During the 5 days before death, tw^o 
animals of the series had been injected with a total of 2 mg. chorionic 
gonadotropliin (pregnancy' urine extract U.P.IO), and another two with a 

total of 4 mg. of the same substance; these results are also summarized in 
Table I. 

The histological and cjiological appearances of the pituitaries of the 
rats W'luch had not been injected with chorionic gonadotrophin were 
comparable with those treated with stilboestrol (Plate I, fig. 3). Again, 
the important characteristics w’crc: 

(1) Hj-pertrophy of the Golgi bodies. 

(“) Varying degrees of degranulation of the chromophil cells, that of the 
basophils being almost complete. 

(^) A marked increase in the proportion of chromophobes, partietdarh- 
of largo chromophobes. 

ilm pituitaries of the rats injected with procmancy urine, while showincr 
the increased weight and hvpertrophied Golgi apparatus of those treated 
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with ocstrogens alone, gave evidence of important changes in tlie cellular 
composition of the gland. These changes consisted in the reappearance of 
the chroinophil elements correlated with a relative decrease in the chromo- 
phobe constituents. As will be seen from Table I, this recovery was most 
complete in the animals treated with the higher dosage of pregnancy urine. 
An examination of Plate I, fig. 4, shows that the histological appearance 
presented is comparable with that of a normal gland in regard to the 
relative abundance of the celhdar constituents. The important question as 
to whether the ph 3 'siological activity of such glands is comparable \vith 
that of normals is discussed below. 

DISCUSSION 

The interpretation of cytological changes seen in an organ as the result 
of any particular experimental treatment can only be made with any degree 
of certaint}'^ when the significance of the phase of the normal life cycles of 
its constituent cells has been established. This is particularly true of the 
socretovy cells of glandular organs, where, in addition to generalized 
changes in cellular morphology, there must also be considered the more 
specific alterations which occur among the cell parts. Included under the 
latter are the temporarj'^ cell parts such as the so-called ‘pro-secretion’ 
granules and the permanent cell parts lilie the nucleus, Golgi body and 
mitochondria. 

Before any attempt to correlate cytological characteristics with physio- 
logical activity in the anterior lobe can be considered, two assumptions 
must be made : 

(1) That the specific granules of the chromopliil celts are the precursors 
of the active principles of the gland, and 

(2) That these cells in all their phases are in a state of dynamic equili- 
bi’ium with each other. 

As yet, there is nothing of a histochemical nature to support the first 
assumption, and its validity can only be based on indirect evidence 
obtained from the behaviour of similar granules in other glands, such as 
the salivary glands, pancreas, etc., after stimulation [Bowen, 1929]. So 
far, however, it has proved satisfactory as a working hypothesis. 

The second assumption has more justification, since a definite secretory 
cycle in the anterior pituitary cells of certain mammals has been con- 
vincingly established by Severinghaus [1936] for the rat, and Kirkman 
[1937] for the guinea-pig. This secretory cycle consists fundamentally of a 
regular accumulation and release of specifically stainable granules by the 
chromophil cells, the effete cells being replaced by the growth and differ- 
entiation of the small chromophobes. In consequence, any ‘time slice’ of 
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the gland mil show cells at varying stages of their secretory cycles. There 
will be cells, as yet inactive (small chromophobes), cells fully charged with 
granules (granulated chromophils), cells in the process of degranulation 
(degranulgiting chromophils), and cells which have discharged their 
granules (large chromophobes). In order that there may be a more or less 
uniform release of secretions from the gland as a whole, it is obvious that 
at any given time the relative proportions of cells at any particular stage 
of the secretory cycle must be approximately constant, provided the in- 
dividual rates of granule accumulation and release be the same. That 
something in the nature of such a dynamic equilibrium exists, is shown 
by the fact that in normal animals the relative proportion of the cells in 
their different cyclic states is fairly constant. That the position of equili- 
brium, as indicated by a change in histological composition, may tem- 
porarily shift, as in ageing, oestrus, pregnancy, etc., has been well estab- 
lished [Wolfe & Cleveland, 1933; Wolfe, 1935; Chadmck, 1937 ; Kirkman, 
1937]. These observations, however, do not run counter to the general idea 
of an equilibrium. 

From what has been said above, it is clear that the concept of a 'normal* 
gland from the histological point of view is of great importance. Although 
it is evident that any unspecified change in the physiological activit}’’ of the 
gland might be inferred from accompanying changes in its histological 
configuration, it is equally evident that a consistent histological picture 
over a period of time may conceal considerable fluctuations in actmty, 
since a uniform increase or decrease in the rate of formation and release of 
secretion will not necessarily be reflected in an alteration in the histological 
composition of the gland. 

In view of the often uncertain correlation between the histological 
appearance and physiological activity of gland cells in general, it has been 
nccessar}" to find out whether any of the permanent cell parts will function 
as indicators of the activity of the labile cell parts such as 'pro-secretion 
granules’. In other words, the problem has become a cvtological one. 

Of the various structures which have been used as indicators of changes 
in secretory activity in cells, the Golgi bodies have proved most satLs- 
factor^*. There has been produced a considerable body of oridence which 
indicates that any increased activity of glandular cells is associated with 
Foine degree of hypertrophy of their Golgi bodies [Ludford ^ Cramer, 1928; 
Rowen, 1929; Okkols, 1932; Kirkman & Severingliaus. 1938: Welch 
Broders, 1910]. What is lacking, however, is evidence which indicates 
whether the Inqwtrophy is to be correlated with an increase in tlie rate of 
production of the secretion, an increase in the rate of its release, or both. 

It will have been seen from Table I that h>q>crtrophy of the Gcicri bodies 
of the anterior lobe cells, as observed by direct impregnation with osmic 
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acid or by their negative image, was a eharacteristic feature of all the 
experimental rats with the exception of 748. This has been interpreted as 
evidence of a greatly increased activity on the part of the glandular cells, 
a fact sujiportcd in addition by instances of vacuolation in the Golgi area 
and cytoj)lasin and also an increase in number and an enlargement of the 
mitochondria. 

In contrast to the cytological picture of heightened activity is the un- 
doubted fact that the gonadotrophic potency of the gland has been 
depressed, as evidenced bj' the infantile state of the gonads and, as was 
first shown bj' Meyer, Leonard, Hisaw & Martin [1930], a lowered gonad- 
stimulating potency on implantation. Tliis apparent contradiction may be 
resolved by tlie assumption that tlie action of tlie oestrogens in excess is to 
stimulate tlie release of gonadotrophins and depress the rate of their 
secretion. TJie net result is that output rapidly exceeds synthesis and the 
cells enter a siiitc of physiologicn] exhaustion, the cytological signs among 
others being a 2 ^erjnancnt degiunulation of the chromophils and hj^er- 
troph}’’ of the Golgi apjjaratus. 

With the exclusion of tlie animals treated in addition with chorionic 
gonadotrophin. Table I shows that the effect of the oestrogens was on the 
whole most marked in the basophils, which appeared to be more susceiJtible 
to their stimulatory influence than the acidophils, although the latter were 
in a number of instances so completely degranulated that the pituitaries 
had a completely chromophobic aspect. In some cases the fact that the 
Golgi h 3 '’pertrophy was generah'zed, extending to the small chromophobes, 
suggested that the oestrogens had initiated a precocious secretorj'^ C 3 ’’cle in 
the cells. In some of these cells scattei-ed acidophil granules were still 
present. Such a differential degranulation after oestrone treatment, de- 
pending to a large extent on dosage, has been recorded by a number of 
investigator’s including Nelson [1934] and Wolfe & Wright [1938]. 

As was shown by Noble [1939] the response to oestrogens of immature 
rats differs from adults in that there is only a slight retardation of body 
growth up to 100-120 g. This might be correlated ndth the greater re- 
sistance of the acidophils to the action of oestrogens, as evidenced by their 
greater relative frequenc 3 >' compared udth the basophils, growth only 
ceasing when there is a generalized ‘secretory exhaustion’ of the cells. 

It has been I’emarked previously that the effect of chorionic gonado- 
trophin Avas to initiate a regranulation of the chromoidiilic elements, Aidth 
the result that in two instances (790 and 797, Table I) the anterior lobes 
presented a jAractically normal appearance. This suggests that the gonado- 
trophin of the urine stimulated the secretory phase of the cells with a 
consequent regranulation, first of the aoidoiihils and then of the basophils. 

A similar antagonistic effect beWeen oestrogens and anterior pituitary -like 
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substances on the histology of the anterior pituitary has been reported by 
Wolfe [1937], who showed that the injection of such substances simul- 
taneously %rith oestrone tended to nullify the oestrone effect. 

Noble [1939] showed that whereas typical corpora lutea were produced 
by pregnancy urine extract after a short period of crystal implantation, in 
this instance only a diffuse luteinization with one example of typical 
corpora lutea formation occurred after the prolonged implantation. In 
this respect the effect was similar to that produced by chorionic gonado- 
trophin on hypophysectomized animals. It appears therefore that in these 
experiments the oestrogens deranged the pituitary function, 'srith the result 
that the animals reacted as if they were hypophysectomized. The relatively 
normal histological appearance of the pituitaries coupled with the cyto- 
logical evidence of increased cellular activity suggests that a more pro- 
longed administration of chorionic gonadotrophin might have resulted in 
a complete restoration of the secretorj^ cycle of the cells, the gonadotrophins 
then released producing follicular development and luteinization of. the 
ovary, 

SUSDIABY 

1. With one exception, a state of hypersecretion amounting to secretoiy^ 
exhaustion was produced in the anterior pituitary of immature rats im- 
planted subcutaneously vith tablets of 4;4'-dihydrox3^-7:5-diphen3’l-^:5- 
hexadiene and stilboestrol. This was evidenced b^’ a degranulation of the 
chromophils, an increase in the chromophobes (particularly the large 
chromophobes), h^pertroph}" of the Golgi bodies and vacuolation of the 
c 3 "toplasm of the cells. 

2. The acidophils showed a greater resistance to the stiniulatoiy effects 
of the oestrogens than the basophils, the latter shoving the greatest extent 
of dcgranulation. The former obseiv'ation is perhaps to be correlated with 
the slight retardation in bod^" growth up to 100-120 g. of these animals as 
compared with adults. 

3. The pituitaries of rats injected in addition vlth chorionic gonado- 
trophin, during the 5 days before death showed that although the heightened 
cellular activity was maii\ta\ncd, there was definite evidence of a re - 
granulation of the chromophil cells, with a consequent ajiproaeh to a 
normal histologicval picture. 


1 am grateful to Dr R. L. Nohle for suggesting tlie investigation and 
]m>viding the animal material and to Dr J. II. Woodgor and Profe— or 
E. C. Dodds for materials and facilities. 
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DESCRIPTION OF PLATE I 

Fjo. J. Anterior pituitary of immature fomnlo rat (no. 769) after implantation for 10 weeks 
with a 10 mg, tablet of stilboostrol. (1) Two largo chromophobes, showing vacuolated 
negative imago of Golgi apparatus to loft of nucleus. The upper coll shows a cluster of en- 
larged mitochondria to loft of nucleus. (2) Largo chromophobo (probably a dogranulated 
basophil) showing detached negative image of Golgi with mitochondria to right of the 
nucleus. (3) Largo chromophobe (probably a degranulated acidophil) showing enlarged 
Golgi body abutting on right side of the nucleus. (4) Greatly thickened connective tissue. 
Photomicrograph. Cliampy-Mallory. x 400. 

Fig. 2. As fig. 1, impregnated with osmic acid to show Golgi bodies. (1) Hypertrophied 
Golgi bodies. (2) Hypertrophied Golgi bodies of degranulated basophil cells. Noto that the 
Golgi is detached from the nucleus. (3) Hypertrophied Golgi body of a degranulated acido- 
phil cell. Note that the Golgi caps the nucleus. Photomicrograph. Champy-osmic acid- 
Sevoringhaus. x 400. 

Fig, 3. Drawing of part of anterior lobe of an immature female rat (no. 788), implanted for 
17 weeks with a 10 mg. tablet of hoxadione compound. (1) Degranulating acidophil coll. 
(2) Degranulated basophil coll witli h 3 Tpertrophied Golgi body (large chromopliobe). (3) Do- 
granulated acidophil coll with hypertrophied Golgi bodies (large chromophobo). (4) A large 
chromophobe with enlarged raitochrondria cupping another chrornophobo with an hyper- 
trophied Golgi apparatus. (6) Greatly thickened connective tissue. (6) Small chromophobo. 
Champy-osmic acid-Mallory. x 600. 

Fig, 4. Anterior pituitary of an immature female rat (no. 796) implanted for 17 weeks with 
a 10 mg. tablet of hexadieno compound and injected for the 6 days preceding death with a 
total of 4 mg. U.P. 10 (chorionic gonadotrophin preparation). (1) Fully granulated acidophil 
cells. (2) An abnormally small acidophil cell, probably a precociously granulated small 
chromophobe. (3) Fully granulated basophil cell. (4) Large chromophobes, tlie lower shows 
an hypertrophied negative imago of its Golgi body to the right of the nucleus. (6) Small 
chromophobe. (6) Dilated sinusoids containing red blood colls. Photomicrograph. Chnmpy- 
Mallory. X 400. 






THE BEHAVIOUR OF THE UTERUS OF THE 
RHESUS MONKEY UNDER THE INFLUENCE 
OF CERTAIN HORMONES 

By G. H. bell 

From the Institute of Physiology, the University of Glasgow 
(Received 18 October 1941) 

Ik view of the well-knovoi species differences in the realm of reproductive 
physiology it would he a great advantage if an animal were foimd whose 
uterine muscle reacted in a manner similar to that of the human subject. 
It would make investigations of dosage of hormones and of hormone 
therapy of uterine muscle distinctly easier. Apart from some work on the 
activity of the Fallopian tubes of monkeys by Seckinger & Comer [1923] 
in vitro, and by Westman [1929] in vivo, no investigation of the movements 
of the monkey uterus in vivo has been noted by Re 3 molds [1939] in a verj’^ 
comprehensive re\dew. The present work was carried out on the most 
readily available monkey, the rhesus monke 3 ^ Unfortunateh% well-grown 
specimens are difficult to get from the dealers; the animal is also rather 
expensive for any routine investigation. Until its possibilities have been 
explored, however, its usefulness cannot be defined. A review of some of 
the similarities and differences in reproductive phenomena between man 
and monkey" has alread}" been given by Hartman [1939]. 

METHODS 

The fifteen animals, all of the species Macaco, invlaita, were health}" but 
])robably subadult, except Mil, which had the wrinkled sex skin of the 
adult, and M 3 which showed an ovulating follicle at operation although the 
sex skin was not wrinkled; M 3 and M 1 1 were the licaviest animals in the 
scries. It is not possible to give an estimate of the age of any of the 
animals, but, as will 1)C seen later, there is in the experiments no char- 
ncleristic of the behaviour of the uterus which can be correlated witli the 
laxly weight (as an index of tlie age) of the animals. 

.Ml the animals were ovariectomized through a mid-line ventral inci«*ion 
uv;ing asej)ti(‘ precaution^. Xembutal (30 mg. kg.) given .‘^ubcutaneou<lv in 
about r> ml of Locke's solution was found to be an ideal anaesthetic. Onlv 
a little ether by inhalation was neces'^ary when going llirough the peri- 
toneum. The abdomen was closed carefully, la%'er hy layer, and the .^kin 
wound covered by collodion gauze. In order to prolong the period of }»o-t- 
opvrative qiiie'^conec a further dose of nembutal wa^ given v lien the animal 
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showed signs of recovery. No further treatment was required, and the 
wounds liealcd well in spite of tlie great activity of the animals. No in- 
jection of hormones was given until 10 days after this operation. 

The subsequent treatment of the animals is given in detail in Table I. 
The first group received no treatment at all, the second oestrone in sesame 
oil only, the third oestrone and testosterone, and the fourth oestrone and 
progesterone. It will be seen that the time from spajdng to the recording 
of the uterine movements is either 21, 26 or 32 days. In tliis way the 
diminution of the effect of the oestrone udth time is allowed for, and any 
one group may be regarded to a certain extent as a control group to the 
others. 

At the time of the final observations on the movements of the uterus 
the animals were kept under light nembutal anaesthesia supplemented by 
ether during the preliminary procedures of cannulation. The abdomen was 
opened near the original wound and the uterus exposed; a boat-shaped 
cannula [Bell & Bobson, 1936] was attached to it by stitches in the fundus 
and cervix, the central stitch being taken over two pulleys to a lever 
writing on a smoked drum. The canmda was 2-8 cm. in length (actually the 
size used previously for the mouse), and because of the small size of the 
uterus and its fibrous character it was necessary to use a lever magnification 
of 36 to obtain an average excursion of 2 cm. The abdomen was closed 
aromid the funnel of the cannula; a leg vein was cannulated. The tem- 
perature was maintained throughout at 38° C. 

When a satisfactory sample of the spontaneous actimtj'^ of the uterus 
had been recorded* a graded series of injections of oxytocin (specially 
purified ‘Pitocin’) was given intravenously in about 0'6 ml. of Locke’s 
solution followed by about 0-5 ml. of Locke’s solution to clear out the 
cannula and the vein. When the threshold dose of oxytocin had been found 
a small dose of vasopressin (usual commercial standard of ‘Pitressin’, 
Parke, Davis and Co.) was injected. When the effect of this had passed off 
the uterus was quickly removed by cutting through the broad ligament 
and the vagina; Michel clips carrying cotton threads were clipped to the 
fundus and the cervix, two strips were quickly cut off and immediately 
suspended in oxygenated Locke’s solution in 60 ml. containers in a thermo- 
statically controlled bath (38° C.). When the action of oxytocin had been 
recorded the strips were fixed for histological examination. 

EESTJLTS 

The results of the experiments are given in detail in Table I, and typical 
tracings from each group are given in Figs. 1-4. It will be seen at once 
that the behaviour of the uteri within any one group is variable, and the 
findings in any one group overlap those in any other to such an extent that 
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Fig, I. M3, no trcntinont. Utcrino movements in vivo, Ecacfcfon to 0*1 filial 

oxytocin, but not to 0*05 unit. Tlio break in tlio micldlo of tlio tracing was accidental. 



Fig. 2. M 4, injected witli oestrono. Uterine movements i?i vivo. Reaction to 0*3 unit 
oxytocin. Reaction to 0*1 unit doubtful because there is no rise in tone. At BL the base- 
line was raised. 



Fig. 3* M 15, injected with oestrono and testosterone. Uterine movements in vivo. Reaction 
to 1*0 unit oxytocin. Relaxation produced by vasopressin. 
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no separation is possible. The Titeri of all groups showed spontaneous 
activity in mvo\ those treated with testosterone showed perhaps less 
activity than the others, but even they showed occasional large waves of 
the extent and duration found in the other groups; the progesterone groui> 
on the whole gave slower weaves than the other three groups. There was a 
considerable scatter of the threshold dose of oxytocin with a range of 
O'Ol-l-O unit; none of the treatments appeared to alter the threshold. In 
eight out of the ten cases in which it was tried OT unit of vasopressin pro- 
duced a relaxation. None of the uteri showed any spontaneous activity in 
vitro before testing with oxytocin, but after the bath had been washed out 
once or twice very small movements appeared; the threshold dose was 
1*0 unit or more in eight out of eleven cases. At first these findings led to 



Kuj, 4, M injerlctl wil}i ocstronc nnd progostcronc. Ulcrim* inoveniciiti iji vivo. Thrt>- 
hoM reaction to 0 01 unit oxytocin. Holnxntion after 0*1 unit vn«opre‘‘«in. At .V ricnibiital 
given hubcutanoously. 

the suspicion that the uterine muscle was completely unreactive iii vitro; 
this is not so, since histamine in a concentration of 1 in a million in the 
bath (in the cases of M 1 and M 2) produced a contraction. \\aso])rcssin 
(0*1 unit) tried out it? vitro in two cases was without effect. 

The histological findings arc, of course, well known and were only of 
inloresl as a check on the efficacy or otherwise of the various treatments. 
In the sjiayed untreated group the endometrium was atrophied and the 
glands were short and straight; in the oest rone-treated grotij) the endo- 
metrium was thick and the glands long and curving: in the ocst rone- 
testosterone group the endometrinm was nearly ns thin as in the first 
gniup and the glands were straight: tlie progesterone group showed the 
usual eharactorislic irn'gularily of the outline of the glanii'^ of the ]>re- 
menstnial stage — M 13 would l>c described a.s late prc*:nenstnial and the 
others ns early premenstrual. 
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AnotJier useful but not more than qualitative test of the efficacy of the 
various hormone treatments was the reaction of the sexual sidn The 
spaj'cd untreated animals showed no alteration of the pubic area, but ail 
the oestrone-treated animals showed at the end of the experiment a very 
marked oedema of this area. WJien only a small dose (10 mg.) of pro- 
gesterone was given the sexual slcin showed either very little or no swelling; 
with larger doses of progesterone the initial swelling produced by oestrone 
disappeared befoi’o the experiment was concluded. In the testosterone 
group the initial oedema produced by the oestrone had not quite com- 
pletely disappeared wdien the uterine movements were recorded. 

In considering the results it should perhaps be remembered that these 
were obtained on somewhat immature animals ; the results might have been 
different if older animals had been used, but against this is the fact that 
the results obtained on the two mature animals fit in well with the others. 

DISCTTSSION 

The question of the dosage of the hormones to be given in an experiment 
where only a small number of experiments can be done for reasons of 
expense and suppl}’- had to be carefully considered. While small doses of 
hormones have been shovm to produce endometrial changes [Hisaw & 
Greep, 1938] higher doses are used to produce bleeding on withdrawal of 
oestrone [Zuekerman, 1937a]; also relatively large doses are given in 
human therapeutics. These considerations led to the adoption of an average 
dose of about 1 mg. of oestrone in oil per day; tliis amount should give a 
good contrast with the spayed untreated group. The dosage of testosterone 
propionate was of the same order as that given by Geist, Salmon & Gaines 
[1938] to women — again a large dose should produce a change if one was 
forthcoming. The dosage of progesterone varied over a range, on a weight 
basis, from about the same as that given to •women threatened with 
abortion to a very much greater dosage. 

Although there is no doubt that the hormone dosage was sufficient as 
judged by the endometrial and the sex-skin changes and by comparison 
with the therapeutic dosage, yet the activity and the reactivity of the 
uterine muscle were unaffected. Because there has been so much con- 
troversy as to the effects of the corpus luteum hormone on the human 
uterus, seven experiments of the present series were devoted to testing out 
the effect of a large range of dosage of progesterone after an initial course 
of oestrone. In M 12 and M 13 the quantity of oestrone administered was 
reduced to get a higher progesterone/oestrone ratio. There is no evidence 
that progesterone alters the activity of the uterus or its reactivity to 
oxytocin. Knaus [1934] claimed that during the luteal phase of the human 
menstrual cycle, the uterus did not respond to oxytocin, but later workers 
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[including Moir, 1934; Ktirzrok, Wiesbader, Mulinos & Watson, 1937 and 
McLellan, 1940] found no alteration in* the response to oxytocin throughout 
the cycle. The experiments of these workers and others have been criticized 
by Reynolds [1939] on the ground that they used a pressure within the 
uterus which was much above the value of 20 mm. Hg used by Kmaus, and 
that the foreign-body effect of the intra-uterine bag would be greatly 
increased. The present experiments in which the uterus was not distended 
fall into line with the majority of observations on the human uterus. 

It can hardly be said that oestrone-testosterone treatment is an imitation 
of any known physiological process, but since testosterone has been used 
in the treatment of several conditions including dysmenorrhoea it would be 
interesting to know its effect on uterine muscle. The theory that dysmenor- 
rhoea is produced by a muscular spasm receives some support from Moir 
[193G], who showed that pain and uterine contraction were related though 
not simultaneous, but Wilson & Kurzrok [1938] claim that patients with 
dysmenorrhoea show the same tyipQ of contraction waves as those with 
painless cycles. In the three monkeys treated with testosterone the uterine 
waves w^ere perhaps smaller and more rapid, than in the other groups, but 
occasionally larger and slow’er weaves were seen; it is just possible that a 
small reduction in amplitude might be valuable from the therapeutic point 
of view’. It is w’orth while to point out here how’ far observations on the 
rabbit differ from those on the monke^^ ; Robson [19376] reported that testo- 
sterone made the uterus in vivo unreactive to oxytocin and produced slight 
progestational changes in the endometrium [see also lUein & Parkes, 1037]. 

The histological changes found in the present series after administration 
of testosterone are the same as those described for the human subject by 
Geist ci aL [1938], who suggest that the regressive changes are the ‘end 
results of a primar}^ inhibition of the gonadotrophic factors of the lu’po- 
physis’ with consequent failure of secretion of the ovarian hormones; in 
the light of the present w’ork on the monkey the endometrial clianges mav 
be due cither to a direct action of testosterone or to its neutralization of 
tlic ocstrone — in tlie intact animal these effects may be reinforced bv 
pituitary inhibition. Ix)cser [1938] reported endometrial atropln* in a 
woman after testosterone thcrap}-; Foss [1938] said that in his cases after 
testosterone the endometrium w*ns of the interv^al type. In monkevs, 
however, previous ohscr\’crs [Zuckennan, 10376; Engle A: Smith, 1030] 
have not reported endometrial atrophy wdicrc oestrogen treatment was 
followed by a co\irsc of testosterone treatment. More reeentlv, Hartman 
[1010] in a comprehensive series of ex]x‘riments on monkeys did not find 
any evidence of antagonism between oestn^gen and testosterone, nltlioueh 
the dosage and duration of testosterone treatment wore not so von- 
difTeivnt those employed in the prf*>*‘*nt u^rk. 
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TJig fiction of vnsoprcssin on the non-gravid liiiman uterus in vivo was 
first noted Moir [1936] and \vas later worked out in a quantitative 
manner by McLellan [1940], who showed tliat the oxytocic effect of 
‘Pituitrin’ and even of oxytocin (specially purified ‘Pitocin’) ivas due 
entii-ely to their vasopressin content. In the present experiments vaso- 
pressin almost invariably produced a relaxation ; it produces the same effect 
in vivo on the rabbit uterus [Robson, 1937ff] and on the cat uterus [Robson 
& Schild, 1938], but no effect on the guinea-pig or hamster uterus in vivo 
[Bell, unpublished]. The human uterus seems to be an exception in its 
reaction to vasopressin. 

The results obtained Avhen the monkey uterus was studied in vitro 
furnish yet another example of the discrepancy between the behaviour 
of the uterus in vivo and in vitro already noted by Bell & Robson [1936] in 
the guinea-pig, Robson & Schild [1938] in the cat, and Bell [1941] in the 
pregnant guinea-pig. Because of this discrepancy Ave cannot apply the 
findings of Robson [1933] on strips of the human pregnant uterus in vitro 
directly to in vivo conditions — this is rather unfortunate because there are 
only a few scattered and incomplete observations on the human pregnant 
uterus in vivo and there is little likeliliood of this gap in our knowledge 
being filled soon. 

In spite of anaesthesia the uteri of the monkeys all showed spontaneous 
activity in vivo ; it is rather difficult to see why they should show no move- 
ments when changed to a bath with the minimum of delay. Pregnant 
human uterine strips removed from women under general anaesthesia shoAv 
good contractions even Avlien there is a considerable delay in putting them 
into the bath of Locke’s solution [Robson, 1933]. Kurzrok [1938] found 
that some strips taken from the non-pregnant human uterus showed no 
activity at all and no explanation for this could be offered; he discarded all 
such strips as they were not ‘alive’. It seems safer to regard quiescence as 
one extreme of spontaneous activity and to test for viability by noting the 
reaction to stimuli (e.g. histamine) — the ability to react to a stimulus 
seems a more fundamental attribute of life than movement. The fact that 
human uterine strips in vitro usually show movements and, especially late 
in pregnancy, react to small doses of oxytocin, whereas the non-pregnant 
monkey uterine strips in vitro do not do either, is another discrepancy for 
which no explanation can be offered. There is no information available 
about the behaviour of the pregnant monkey uterus m vitro. 

SUMMARY 

The movements of the uterus of the rhesus monkey have been recorded 
in vivo and in vitro under the influence of various hormones. 

After removal of the ovaries the animals received either (1) no treatment 



95 


UTERINE BEHAVIOUR IN MONKEYS 

at all, or (2) injections of oestrone in oil, or (3) oestrone foUovred by testo- 
sterone, or (4) oestrone followed by progesterone. 

The spontaneous activity and the reactivity to oxytocin in vivo were both 
variable within any one group. Although the contraction waves tended to 
be small in group 3 and slow in group 4, there is practically no difference in 
the behaviour of the uteri of the four groups. Vasopressin almost always 
produced a relaxation. 

None of the uteri showed any activity in vitro at first, and nearly all were 
comparatively unreactive to oxytocin although (in two cases) they reacted 
to small quantities of histamine added to the bath. 

The similarities and the differences between these findings and the re- 
corded behaviour of the human uterus are discussed. 

I have to thank Professor E. P. Cathcart for his interest in this work, and 
Professor Noah Morris for allowing me to house the animals in his depart- 
ment. The cost of the animals was defrayed by the Rankin Research Fund 
of the University of Glasgow, the remainder of the expenses by the Medical 
Research Council. I am indebted to Messrs Schering for a very generous 
supply of Proluton (progesterone) and to Messrs Ciba for a large amount of 
Perandren (testosterone propionate). Dr White of Parke, Davis and Co. 
kindly supplied a quantity of specially purified Pitocin. 
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THE ASSAY OF HYPOPHYSEAL GROWTH- 
PROMOTING EXTRACTS EMPLOYING RATS 
TREATED WITH DIETHYLSTILBOESTROL 

By M. GRIFJPITHS^ and F. G. YOUNG 
From the. National InslUuiefor Medical Research, London, N.W. 3 

(Received 4 November 1941) 

The discovery of the powerful synthetic oestrogen diethylstilboestrol 
[Dodds, Golberg, Lawson & Robinson, 1938] w'as quickly foUow'ed by the 
demonstration [Noble, 1938(i, 1930a] that treatment with tJiis material 
produces, in rats, the signs of apparent pituitary dysfunction (e.g. atrophy 
of the gonads and accessory sex organs, and inhibition of growth) associated 
with excessive treatment with natural oestrogen in this species. Noble 
[19386, 19396], appljdng the technique introduced by Deanesly & Parkes 
[1937], showed that the implantation of crystals or tablets of pure di- 
ethylstilboestrol could also induce alterations in the rate of body growth, 
and in endocrine function. The action of diethylstilboestrol with respect to 
the gonads was to some extent reversible, in that after treatment "with the 
S 3 mthetic oestrogen the ovary of the female rat could still respond to the 
influence of gonadotrophic preparations. 

Dr A. S. Parkes, F.R.S., suggested to us that a relatively simple test 
object for the assay of pituitary growth-promoting extracts might be pro- 
vided by the rat whose growth had been inhibited by the implantation of 
tablets of solid diethylstilboestrol. Such a preparation would hare obvious 
advantages, in that the technique of implanting tablets is much easier than 
that ef h 3 q)ophysectomy, and young rats of either sex could be used. The 
latter point would be of importance in a laboratory in which hypophys- 
ectomized rats were not easily available, as the usual method of assay 
employing intack rats requires adult female animals whose weight curves 
have risen to a ‘plateau’ at 170-200 g., of which the supply is necessarily 
limited. 

We have accordingly investigated the possibility of using, for the assay 
of growth hormone, the young male rat stunted by the implantation of 
tablets of the artificial oestrogen. Increase in body weight, and elongation 
of the tail length as an indicator of skeletal growth [Freud & Levie, 1938; 
Freud, Levie & Kroon, 1939], have been compared as criteria of growth, 

1 Work carried out during the tenure of a Science Eesearch Scholarship of the Koynl 
Commission for the Exhibition of 1851. 
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both with the proposed new technique, and with the classical methods, 
which employ the adult normal female, or the hypophysectomized rat 
[Evans & Simpson, 1931]. 

METHODS 

Animals. The animals used in this investigation were Wistar-strain albino 
rats bred in this laboratory. They received a diet of Purina Fox-Chow and 
water ad lib. 

Hypophysectomy was carried out by one of us (M, G.) by the retro- 
pharyngeal method, using avertin anaesthesia. The criteria of complete- 
ness of removal of the gland are those previously described [Griffiths, 
1941]. 

Implantation of tablets. Two 16 mg. tablets of diethylstilboestrol were 
implanted subcutaneously into the backs of adult male rats. The tablets 
were sometimes removed at the end of the experiment and weighed, in 
order to determine the amount of substance absorbed. In some experi- 
ments the control animals were treated similarly with tablets of an inert 
substance (cholesterol), or were subjected to a dummy operation. As these 
procedures appeared not to influence the subsequent behaviour of the 
animals, their employment has not been specifically noted. 

Measurement of tail length was carried out on skiagrams, as described by 
Freud et al. [1939]. 

Anterior pituitary extracts were prepared as previously described [Young, 
1938], from fresh hypophyses brought to the laboratory" in a frozen con- 
dition, by extraction u"ith saline in the cold at pH 8-5. The extract was so 
standardized that 1 ml. contained the material extracted from 250 mg. of 
fresh tissue (approximately equivalent to 50 mg. of dried tissue). The 
extract was found to contain about 20 mg. of organic matter in each 
millilitre. In a few experiments extracts were prepared from hy-pophyses 
other than those of the ox, but unless othen\Tse indicated, the preparation 
used in any experiment had been extracted from ox pituitary- glands. 

General procedure of cxpcrwxentation 

All extracts were injected subcutaneously-. 

Normal aniinals. After a suitable preliminary" period, groups of 6~10 
female nitvS were treated daily" with extract for 2 weeks. A group of control 
animals was included, this l>cing cither untreated, or injected daily with an 
extract of liver or thymus, which had been prepared in a manner similar 
to that for pituitary- tissue. The animals wore weighed daily- throughout the 
experiment and the average increase in weight, per mt for a group of rats 
during the ]>criod of 14 day-s, is given as the 'pros'^ increase’ in weipht ; the 
‘net increase’ is the dilTon'nce between th»^ avomee total increase^ of thv 



08 


U. GRIFPITHS AND F. G. YOUNG 

cxpcriincntnl'nncl control groups. In one experiment Anth normal animals 
the increase in tail length was determined simultaneously with the increase 
in wciglit. 

0]}crated animals. For approximately 2 Aveeks after the operation 
(hypophysectomy or implantation of tlie tablet) the animal AA'^as untreated, 
but AA’eiglied dail 3 \ In some instances, the tail length aa'^os measured slda- 
grammetricalljf on the daj' after the operation. At the end of the pre- 
liminniy period the animals AA’ero treated daily AA'ith extract for 14 days, 
and the increase in AA'cight or tail length during this period determined. 
In a number of experiments the control groups AA’cre treated AAuth inactive 
tissue extracts. 

RESULTS 

Increase in body iveigld as a criterion of growth 
Normal female rats 

The results summarized in Table I indicate that little difference Avas 
obserA’’ed in net response AA'hether young adult or heavier female animals of 
about ISO g. AA’cre used [cf. Chou, Chang, Chen & van Dyke, 1938]. 

Hyiiophysectomized male rats 

Although the gross increase in Aveight observed Avas of the same order as 
that AAuth normal female rats (Table I), the net gains for the treated rats 
AA-^ere definitely greater, because the control hypophysectomized rats lost 


Table I. Influence of ox anterior 'pituitary extract on the body-iveight increase 
of adidt normal female rats and' of hypophysectomized male rats 



Dose of 


Average body weight in g. 


pituitary extract 

Total 


__ X 

■ A 


injected daily 

no, of 


Gross 

Net 


(mg. equivalent 

animals 


increase 

increase 

Animals 

of dried tissue) 

treated 

Initial 

in 14 days 

in 14 dayf 

Normal female rats 

6'26 

10 

137 

26 

20 


12-60 

16 

164 

41 

33 


26-00 

GO 

181 

38 

32 


26-00 

40 

121 

64 

31 

Hypophysectomized 

0-00 

16 

133 

- 9 

— 

male rats 

C-26 

17 

131 

24 

33 


50-00 

39 

111 

61 

GO 


Aveight during the experimental period. The relative sensitivities of the 
hypophysectomized and the normal rat for the assay of groAvth hormone 
have been discussed by Chou et al. [1938], who conclude that the former is 
about twice as sensitive as the latter, in terms of the percentage increase in 
Aveight. 
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Animals carrying tablets of diethylstilboestrol 

In experiments on a total of fifty -five rats the average rate of absorption 
from two subcutaneously implanted tablets of 15 mg. of diethylstilboestrol 
was found to be 0-26 mg./rat/day (max. 0-42; min. 0T4). 



Fjo. 1, Infiiicnco of impliintnlion of two 15mp. tnblcte of aiothybtnboo*!!^!. with or uitiiont 
troAtmcnt witli ox pitnitnr\* oxtmrt, on tlio body*uripht inrrra*:^^ in normnl ir.n!'' rnt<. 
Cur\*o A: forty*riphl control nnimnls. Cv\r\'e B; fifty. four nnimoK tnwtrd with «h*^thYl. 
f«tin>oc‘;trol. Ciiiwo C: cipht o<'«>troprni7o<i rnt*: trcatotl <!nily with ox jiitnilnry extract 
eqnivnlont to l*r> inp. of aricfl ti‘''''nr, for the la*^t 2 weeks of the experiment. Curve P: nine 
f^imilftr mt?» treateil willi extract equivnlcnt to friJ.'i rni:. dny (irierl tis'.-tie. Curve K: feven 
fimitnr mts Ironted with rxtrnrt equivnlcnt to lC-r)bmp. day drutl ti^cije. Cun'e F: «evcn 
Minilnr mts treateil with extrnct rquivnlent to Crt Ot* m;::. day <!ri'd t;>-'u»^. Cnrxe O: nir.^ 
rimilnr mt*» trt'Ate<i w it\\ extract eo,iuvalenl to (Vt mp. <hay Curxe H: 

nermnl male rtita unlrrnte«l either with c'ettre^Tcn or with pituitary' extract. 

I’ig, 1 ilhi<lrates the avorairc weiizht’^. over a }>en(>(i of A of voun::: 

male rat*^ carryitm tablet?^ of the synthetic ocstnccn. roinpnred with t!.^ 
results for control aniinaN, It will Ivy sc*en that, under tlu-o fonditioTi*' 
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the norranl rapid increase in body weight of tlie j'^oung rat was completely 
inliibitcd. When, liowover, otlier groups of rats were treated with ox 
anterior lobe extract for the Inst 2 weeks of the 4-week period of adminis- 
tration of oestrogen, the increases in weight illustrated in Fig. 1 were 
obtained. It should be explained with reference to Fig. 1 that although the 
pituitnry-trented groups did not average precisely 114 g. in weight at the 
beginning of the period of treatment, nevertheless their average weights 
were not far from this figure, and for the purposes of comparative pre- 
sentation the initial average weights have all been reduced or elevated to 
114 g., with corresponding adjustment of the final weights. The figure for 
the ‘normal ’ increase in freight for male rats at an average initial weight of 
1 14 g. is based on results for animals not previously treated with oestrogen. 

It will be seen from Fig. 1 that under these conditions the inhibitory 
influence of diethylstilboestrol on weight increase can be completely over- 
come by treatment with a suitable dose of ox anterior pituitary extract. 



Dose of ox anterior-pituitary extract injected daily, mg. -equivalent of dried tjssue 

Fig. 2. Dose -response curve for different types of rat treated daily 
with ox anterior pituitary extract for 14 days. 


Gomparison of results 

In Fig. 2 are plotted the results, with respect to increase in body weight, 
from all the experiments with pituitary extract, the scale for pituitary 
dosage being logarithmic. It should be pointed out that the results plotted 
for the hypophysectomized rat are the gross increases; the net rises in 
weight would be greater because of the decline in weight of the control 
hypophysectomized rats (Table I). 

On the whole the results for the three different in etliods fall surprisingly 
close to a straight line on a logarithmic dose scale. 
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Increase in tail iength as a criterion of groxvth 
Normal female rats 

A comparison was made of the effects of the same dose of ox, horse and 
sheep pituitary extracts on the increase both of body weight and of tail 
length. The results, which are given in Table II, show that these two data 
increase approximately proportionally under these conditions, the tail 
growth of these adult female rats being approximately 1 mm. for each 
10 g. increase in body weight, whether or not they are treated vdth 
pituitary extract. Therefore the stimulus to increase in body weight 
arising from treatment with pituitary extract — ox, horse, or sheep pituitary 
— is associated in these animals with a normal rate of elongation of the 
tail, and it follows that the determination of tail length provides a satis- 
factory measure of the growth-promoting action of pituitary extracts under 
these conditions. 

Hypophysectomized male rats 

Although the hypophj^sectomked adult male rat tends to lose weight, 
yet, under the conditions of our experiments, the tails continue to elongate 
(Table II). 

When the hypophysectomized rats were treated vdth ox-pituitaiy extract 
the body weights and the tail lengths increased in such a manner that the 
addition of each 10 g. of bod}^ weight was associated vdth an increase of 
5-G mm. in the tail length. The control animals, however, lost weight and 
gained in tail length, and when relevant corrections are made to the results 
for the treated animals, the net increase in tail length for each 10 g. (net) 
increase in body weight, is 3-2 mm,, a figure vdthin the range of these 
untreated, control male rats (Tables II and III). 

In a footnote on p. GOG of their publihation, Fraenkel-Conrat, Mcamber, 
iSimpson & Evans [1940] state that the tails of the rats of their eolony 
continue to grow for a limited time after h\*pophyeectomy, although their 
growth preparations caused approximately proportional increases in body 
weight and in tail length when compared with the control animals. As 
far as our results with h\T)oph\'sc eternized animals are concerned, we arc in 
agreement with the American workers, although our obscr\’ations differ 
in this respect from those of Freud et aL [1039]. 

Avimals carryi7\g tablets of diethyUtilbor-^trol 

Some preliminar}’ control cxJx^rimcnts were carried out over a period of 
4 weeks to determine how far the inhibition of the nonnal increase in IxkIv 
uciglit, induced by the implantation of tablets of die: hylstil behest ml. wac 
associated with a diminution in the nonnal rate of elongation <»f tr.il. 



Table II. Influence of anterior 'pituitary extracts on the body iveight and tail length of 
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The results (Table III) show that despite the complete inhibition of the 
normal increase in body weight, the tails of the oestrogen-treated animals 
continued to elongate at about 40% of the normal rate. This does not 
agree with the observations of Garenstroom & Levie [1939] and of Levie 
[1939] who find that the growth of bone and the increase in tail length in 
the rat are arrested by a daily dose of diethylstilboestrol of 0-1 mg. or 
more. In our experiments the rate of absorption from the tablets averaged 
approximately 0-25 mg./day. 

Table III. Influence of treatment with oestrogen for 4 loeehs on the 
body weight and tail length of male rats 


Average body Average tail length in mm. 

weight in g, < ^ 


Oestrogen 

implanted 

Total 
no. of 
animals 
treated 

Initial 

-A , 

Increase 
in 4 
weeks 

Initial 

Incrca.se 
in 4 
weeks 

Increase 
per 1 0 g. 
increase in 
body weight 

DiethyLstilb- 

28 

116 

2 

152-1 

8*4 

42*0 (?) 

ocstrol 

None 

26 

136 

72 

169*1 

20*7 

2*9 

Ocstrono* 

12 

98 

30 

146*7 

15*8 

5*3 

None 

10 

97 

81 

147*0 

32*3 

4*0 


• One tablet of 12 mg. implanted into each rat, of which an average of 0 04 mg./rat/day 
was absorbed. 


That the dissociation of the rate of increase in the body weight and the 
rate of elongation of the tail is not a peculiarity of the action of the 
synthetic oestrogen, is indicated by the results, included in Table III, of an 
experiment vith oestrone. In this instance neither the increase in body 
weight nor the elongation of the tail was arrested, but the rate at which 
weight was gained was so depressed that the rate of tail growth was 
f>*3 mm,/10 g. increase in body weight, compared vith the control value in 
this experiment of 4-0, 

Wlicn rats carrjnng tablets of dieth 3 ’lstilboGstrol were treated with a 
small dose of ox-pituitarj' extract during the second 2 weeks of the 4 -week 
period of oestrogenization, the increase in bod\’ weight was not accom- 
l^anied hy a juoportional increase in the rate of tail elongation (Tabic II). 
In fact the tails of one group of the pituitar^'-treated animals elongated 
more slowly than those of the control animals. Wlicn, however, a larger 
dose of pituitarN* extract was used (Table II), a substantial increase in 
the rate of tail growth took place, the gross rate of elongation beimr 
2*2 mm./ 10 g. increase in bod\' weight compared with the value for 
normal male rats of 3-*l mm. 
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DISCUSSION 

Our results demonstrate the validity of applying the technique of tail 
measurement of Freud & Levie [1938] to the usual methods of growth- 
liormone assay. When one recalls the grossly differing proportions of the 
different active principles in extracts from sheep, horse and ox-pituitary 
glands [cf. Chance, Rowlands & Young, 1939], the relative constancy of the 
rate of tail growth in proportion to the increase in body weight when any 
of these extracts is administered (Table II) gives support to the idea that 
skeletal growth and increase in body weight are, in the normal rat, con- 
trolled by the same or closely related principles. This possibility is em- 
phasized by the observation that the rate of tail growth in the untreated 
control adult female rats is similar, in proiiortion to the body-weight 
change, to that found in the pituitary-treated female animals (Table II). 
There is a substantial difference between the values for these female rats 
and those for the younger male control rats (Tables II and III), but such 
a difference does not invalidate the results for either group, provided that 
the data are considered in relation to those for the relevant control groups. 
Our results do not throw light on the question of the nature of the growth- 
promoting extracts on skeletal growth, but merely confirm that an appar- 
ently physiological stimulation can be obtained both in normal and in 
hypophysectomized rats. This asjiect of the action of pituitary extracts has 
been investigated by Silberberg &; Silberberg [1940], Ross & McLean [1940] 
and more recently by Ray, Evans & Becks [1941]. 

In the rat whose growth has been stunted by the implantation of tablets 
of diethylstilboestrol the relative dissociation of the rate of body-weight 
increase, on the one hand, and of the rate of tail elongation on the other, 
suggests that the oestrogen exerts an action on one of these aspects of 
growth more than on the other. As has been emphasized by Korenchevsky 
in a long series of papers [cf. Korenchevsky, Burbank & Hall, 1939] 
oestrogens tend to depress fat deposition and it is probable that part at 
least of the inhibition of the normal rate of increase in weight associated 
with excessive treatment with oestrogens, results from this and similar 
actions. 

It is tempting to regard the rat whose growth lias been completely 
prevented by excessive treatment Avith diethylstilboestrol as functionally 
hypophysectomized, and to assume that the increase in body Aveight that 
folloAVS the administration of pituitary extract to such animals (Fig. 1) 
results from simple replacement therapy [cf. Richards & Kueter, 1941]. 
The dissociation of tail groAvth from body-weight increase, and the alteration 
of metabolic processes in such animals [cf. Janes & Nelson, 1940; Griffiths, 
Marks & Young, 1941; Ingle, 1941] suggest that such a simple concept 
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may not be correct. We do not vnsh to enter into an abstruse discussion of 
the nature of growth, but we should emphasize that, according to con- 
ditions, one can observe skeletal growth associated with a diminution in 
body weight (rat carrying tablets of diethylstilboestrol), or an increase in 
body weight associated with no increase in the rate of skeletal growth 
(diethylstilboestrol-treated rat receiving a small dose of pituitary extract). 
Which, if either, of these should be regarded as ‘growth’ in the general 
sense of the word, we do not know. We are, therefore, disinclined to re- 
commend the use of the rat whose growth has been inhibited by im- 
plantation of tablets of diethylstilboestrol, as an object for the assay of 
growth-promoting preparations, however attractive are the simplicity of 
the technique and the relative smoothness of the dose-response curve based 
on body weight. 

SUiniARY 

The technique of Freud & Levie [1938], involving the determination of 
rate of tail elongation in the rat as an index of the skeletal grov’th, has been 
successfully applied to the assay of growth-promoting pituitary extracts, 
both in the normal female and in the hypophysectomized male rat. 

When young rats, whose normal increase in Tjody weight has been in- 
hibited by the implantation of tablets of diethylstilboestrol, are used for 
the assay of growth -hormone preparations, the dose/bod^’^-weight response 
curve is satisfactory, but the resultant changes in body weight and tail 
length are not proportional. 

One of us (M. G.) vushes to express his indebtedness to the Director of 
the National Institute for Medical Research, Sir Henr^' Dale, for extension 
of laboratory facilities. We vish to express our gratitude to Messrs Boots, 
Lid., for a generous supply of 15 mg. tablets of diethylstilboestrol. 
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IMPLANTATION OF SEX HORMONE 
TABLETS IN MAN 

By G. L. FOSSi 

From the Gynaecological Deparlment, Royal Infirmary, Bristol^ 
(Received 16 August 19U) 

Since Deanesly & Parkes [1937, 1938] first introduced the technique of 
subcutaneous implantation of tablets of compressed crj'stals of sex 
hormones in animals, further experiments have been conducted by those 
workers and by many others in different parts of the world. This method 
gives a continuous small absorption, simulating the normal secretion of the 
gonads, except that the amount absorbed is in no way controlled by any 
such normal factors as tissue requirements or pituitary" stimuli. 

Clinicians were not slow to adopt this new technique, and Bishop [1938] 
reported the implantation of a 14 mg. tablet of oestrone into a menopausal 
woman, which relieved her symptoms for about 4 weeks, after which the 
effect began to wane. I [Foss, 1939] reported the results of such thcrapj" 
in fifteen patients suffering from kraurosis, pruritus and leukoplakia and 
found that, with the doses used, relief was not obtained b}' this means 
alone. The close implanted did not exceed GO mg. of oestrone or oestradiol. 

Inadequate relief was onl}^ to be expected, as at the time the supply of 
tablets was limited and one’s knowledge of their behaviour in the tissues 
was elementary. The dermatoses, such as kraurosis, leukoplakia and meno- 
pausal pruritus vulvae, are due to oestrogen deficienc}', and as I [193G. 
1939] had shown, very large doses of oestradiol benzoate by injection were 
required to improve these conditions, and the application had to be main- 
fained at a threshold dose, which varied in each patient. 

Salmon, Geist & Walter [1040] reported that 25-30 mg. of oestradiol or 
oestradiol benzoate caused prolonged inliiljition of the pituitary gland in 
menopausal women ns determined by the disappearance of gonadotroplun 
from the urine. Tlicse workers [Walter, Geist & Salmon, 1940] measured 
ilic absorption rales in women of 15-25 mg. pellets of oc'-tradiol and 
<»es(radioI I)en7.oale. 

L<»C-ver [1910] described a woman aged 32. wlio vas sterile witli two 
hu‘'l»nnds, and she was found to have an infantile uten:^ tlian 2 in. 
long mea.suriMl by a probe. .Xfter giving inject ion'^ c>f oe‘^tro::en for G month's, 
with some benefit . the utorvis ‘reverted to its old lirm conristenrv irn- 

' I L n rr S. Vr\] ^ . 

^ PriMn! r, l Hi!! He .**, 
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mediately the treatment was left off’. He then implanted five 16 mg. 
tablets of oestradiol to give continuous oestrogen stimulation. 249 days 
later, following menorrhagia, a condition of glandulocystic hyperplasia was 
revealed by curettage, and the uterus was found to have grown to more 
than 3 in. The tablets were then removed and normal menstruation was 
restored. Seven months later pregnancy was proved by a positive 
Aschheim-Zondck reaction, and at the time of the publication the patient’s 
uterus corresponded to a fifth month pregnancy. 

More reports of androgens being applied clinically by this method are 
available. Vest [1939] and Vest & Howard [1939] treated a series of cases 
of hypogonadism with considerable improvement, by the implantation of 
testosterone. Eidelsberg & Ornstein [1940], Spence [1940] and Moehlig 
[1940] have also reported satisfactory results from this method of treat- 
ment in similar cases. Loeser [1940] found this route convenient and 
effective for the treatment of menorrhagia by androgens, using testosterone 
propionate in his cases. 

I carried out implantation of tablets of sex hormones first in March 1938, 
following Deanesly & Parkes’s paper, and this is a report on the com- 
parative absorption rates of oestrone, oestradiol, testosterone, testosterone 
propionate and progesterone. 

In some Avomen this method was used for the treatment of cases needing 
long-term therapy to avoid repeated injections [Foss, 1939], but in most 
of the other cases, implantations AA^ere carried out AAuth the sole object of 
determining the absorption rates. 

METHODS 

Technique of iviplantalion 

In nearly every case the tablets AA'^ere placed in the anterior abdominal 
Avail. The skin AA’^as cleaned and SAvabbed Avith spirit and a h in. incision 
made under local anaesthesia Avith 2 % novocaine, containing a fcAv drops 
of adrenalin. 

A small lateral pocket Avas made in the fat to one side of the incision, the 
position being recorded, in each case, by a diagram on the history sheet, to 
facilitate later removal. Full surgical precautions Avere observed and the 
skin incision Avas closed by one suture, AA'hich Avas removed on the 7th or 
8th day. TJie Avound Avas covered by sterile gauze and a strip of elastoplast. 

Removal 

The rates of absorption obtained by Deanesly & Parkes AA'ere a useful 
guide to the removal of these tablets in liuman cases. Unfortunately, I Avas 
not able to Avork to a set date ahvays, and the irregulai'ity of attendance 
and other factoi’s sometimes delayed removal. In a feAv cases the prccipita- 
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tion of war prevented removal altogether, so that the tablets remained 
in the tissues of the patient until complete absorption. 

Knowing exactly the original site of implantation marked on the skin 
by a very small scar, usually it "was easy to find the tablets. As a routine 
measure a small elliptical incision was made around the initial scar under 
local anaesthesia ^vith 2% novocaine, and then an area of fat, as large as 
necessary, was dissected out. The tablet or tablets were found imbedded in 
this, each separated from the other in a complete capsule of fibrous tissue, 
from which they were carefully dissected. They were washed very gently 
and dried and then reweighed. Although the tablets were smaller on re- 
moval, they maintained their shape and compactness of form. Many of the 
fibrous capsules were sectioned, examined and measured micros copicall3^ 

SIATEKIALS 

The tablets of oestrone, oestradiol, testosterone propionate, testosterone 
and progesterone, were supplied to me ready compressed from crystals of 
pure hormones, and were either flat disks or cuboids. As some were hand- 
made by Dr A. S. Parkes, and others supplied from commercial houses, the 
degree of compression was probably not the same. 

The tablets were weighed in dry ampoules, which were then sealed, 
Btcrilized in an autoclave, labelled and stored preparatory^ to use, care being 
taken to avoid undue shaking. 

KESXILTS 

Summary of data 

Table I gives all the relevant details. ^Man}’ more tablets of oestrone and 
oestradiol than of testosterone propionate, testosterone or progesterone 
have been implanted, partly because suitable cases were available, also 
because these hormones were readily obtainable. The more rapid rates of 
absorption of testosterone propionate, testosterone and progesterone made 
it essential to operate again fairly soon after implantation, and this was not 
possible in every case. Tlic more intense tissue reaction may' have been 
responsible for a tendency' for the tablets of the three last-named hormones 
to slough out , and several times this occurred, but this was not encountered 
when oestrone or oestradiol was used. 

Forty-four .‘separate implantations were carried out, thirty' -eight of these 
being in women and six in men. Of these j)atients. eighteen had .^incle 
tablets, ten had two tablets, tbrt^c liad three tablets, eleven had four and 
two had six tablets at each imjdantation. Xineteen eon.«^isted of im- 
]dantations of oestrone. eight of oestradiol, nine of testosterone, four of 
te<^to<;terone propionate and four of proge-terone. 

Of all the-e Mwie-^, reweighing wa^ j^ovsihle in twenty-seven ca«^^ only 
and Fahl*' I is t'ompiled fn»m the-e n^sults. 
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In the remaining seventeen cases, removal was attempted in six, but by 
that time absorption was complete and tablets could not be foxmd. This 
group consisted of one case implanted with oestradiol after 224 days, three 
cases with testosterone after 195, 195 and 185 days, and two cases with 
testosterone propionate after 28 and 39 days. 

A small number of tablets sloughed out, and this group consisted of two 
cases with testosterone and two cases with progesterone tablets. 

A few patients had tablets left in their tissues at the outbreak of war, 
as I had intended to investigate the absorption over a long period — thus 
£ve cases had one or more tablets of oestrone still imbedded after periods of 
415, 415, 412, 380, and 254 days. A eunuch had four tablets of testosterone 
in his tissues which had been implanted 78 days previously. 

Absorption rates 

The average percentage weight absorbed per day in the oestrone series 
\vas 0T8, with a range of 0*06“0‘41, whilst the average percentage weight 
absorbed per day in the oestradiol series was 0*38, with a range of 0-28-0-67. 
Assuming a constant rate of absorption, such tablets of oestrone w’ould last 
550 days and oestradiol only 260 days. 

From the small number of cases of androgen implantation available, it is 
suggestive that testosterone propionate is less rapidly absorbed than testo- 
sterone, but twice in one patient I was unable to find four tablets of testo- 
sterone propionate after 28 and 39 da^^s, but as this patient w^as excessively 
obese with literally about 3 in. of fat over the abdomen, it is conceivable 
that I may have lost them and they may not have been absorbed. 

My figures show' that testosterone propionate tablets lose 0-85 % of their 
w'cight per day and so have a calculated life of 118 days, wiiereas testo- 
sterone loses 1*18% per day and w'ould last 85 da^'s if steadily absorbed. 
Progesterone tablets w'ere not readity obtained in sufficient number or 
size, and only twice w'as it possible to remove or rcw'cigh them. The per- 
centage w'eight lost per da}’’ averaged 1*31, which gives a duration of 
approximately 70 days. 

Factors injlv€7}cing absorption 

Dcancsly Parkes suggested that the rate of absorption must depend 
largely on the surface area of the tablets implanted and will, therefore, be 
absolutely greater tliough proportionately less from a large tablet than a 
small one. and as absorption proceeds and the tablets become smaller, the 
absolute amount absorbed per montli and also the percentage in terms of 
the original w’cight of t!\e tablet will become lo'^s. The mean valuer f»f 
pcrt'tmtago loss of weight per day give a calculated life of about 55u davs 
tor oestrone, 200 days for oc'stradiol. 1 IS day- for tc-to-terono propionate. 
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85 days for testosterone and 70 days for progesterone. If one takes the 
mean daily i)ercontage weight absorbed in five cases wliere oestrone tablets 
remained implanted for between 119 and 362 days, the figure is 0-11, 
wlieroas in anotlier five cases of implantation for 46-105 days the figure is 
doubled (i.c. 0-22%). This bears out the animal experimental results of 
1 arkcs & Deancsly, showing that absorption is more rapid at the beginning 
and slows down as the tablet becomes smaller (see Fig. 1). Exactly the 
same is seen in the oestradiol series; in tliree cases tablets implanted 115- 
190 days have a mean daily percentage loss of 0-33, whereas in three other 
cases tablets implanted for a shorter time (35-98 days) lost 0-44% daily. 



0 Progesterono A Tostostorono □ Testosterone propionate 

+ Oestradiol • Oestrono 


Fig* 1* Absorption of sox hormones from tablets implanted in man. - - - - Mean percentage 
weight absorbed daily assuming steady absorption rate. — Actvial results showing reduc- 
tion in absorption rate of oestrono and oestradiol witli time. 

Therefore, it is suggestive that unless definite pitting of the surface of 
tablets occurs, thereby increasing tlie surface area, the length of life of 
hormone tablets calculated from the mean figures of the whole series is on 
the short side, and that, in fact, oestrone maj’-last 700-800 days, oestradiol 
about 360 days, testosterone propionate 140 days, and testosterone and 
progesterone about 100 and 80 days respectively. 

The absorption rate may depend on several factors : 

(1) Size and shape of tablets. 

(2) The degree of compression of the tablets. 

(3) The relative solubility of the liormone in lipoids. 

(4) The degree of tissue reaction around the tablets. 
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In a recent paper Emmens [1941] has pointed out that 'whatever the 
mechanism of absorption, the surface area of the tablets will, other condi- 
tions being equal, determine the rate of absorption. The initial absorption 
rate theoretically should be proportional to f TF, where W is the 'weight, 
but subsequent absorption 'will depend on the actual shape of the tablet 
and its beha’viour in the tissues. A tablet "which is compressed loosely may 
become eroded and pitted, increasing its surface area and so hastening 
the absorption as time goes on, although its weight is becoming less. In this 
series of experiments tablets were supplied from several different sources, 
and it is likely that their compactness differed considerably, and after 
removal it was noticed that pitting was more e'vident in some than in others. 

I have been unable to obtain any facts about the relative solubilities of 
the sex steroids used, in body fat or other lipoids, but it is likely that this 
factor is of great importance. The other factor which must show some 
individuality in man is the degree of tissue reaction around the tablets, 
and this also may in turn be dependent on the solubility of the particular 
hormone in body fats; there is very little reaction around sterilized tablets 
of sex hormones, but they are all treated in much the same way as a foreign 
body, with the production of granulation tissue, giant cell formation and 
formation of a fibrous tissue barrier. This gives rise to the capsule, which 
is invariably found around each tablet on removal. Sometimes they are 
covered immediately vlth a ver^^ thin layer of hormone mush which is in 
direct contact with the capsule wall. 

In many cases I have carcfull}^ dissected out these capsules, which have 
been sectioned and meuvsured (Table II). Oestrone capsules arc thin and 
show little granulation tissue, whereas progesterone, testosterone and 
testosterone propionate capsules are thicker and more flesln^ slioving 
more granulation tissue and giant cells. Oestradiol fills an intermediate 
position between them. 

This then shows a similar gradation to the absorption rates of these 
hormones and it is reasonable to connect the two observations with each 
other. 

It is not possible to say whether the more intense tissue reaction and 
phagocytosis account for the more rapid absorption, or wliethcr this is 
secondary to a greater solubility of the more rapidly absorbed liormones, 
or whctlier it is due to other causes unknown. The fact remains tliat the 
(i'^suc reaction around the more rapidly absorbed liormones is more active. 
Heist. Walter Salmon [1910] sugcrest that the capsules inicht have a 
marked retarding eflect on the rate of absorption of the lionnone and thev 
connect tlic ]>rogn^s 'lively diminished absorption rate of a s^’ries of ten 
oestradiol tahli't^ with the gn'jwini: thicknc-< of tlie capsule around tlie 
P‘dl(’t A Icquate figures of results vtTC* no* given in their jrtjK-r for com- 
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Table II. Thtclcncss of caps^tles ovd percentage 


Case no. 

- uiia pcTccniage 

weight absorbed per day 

Tiiicknoss of weight 

capsule absorbed 


Days implanted 

per day 

(a) Oestrone 

127 

02 

70 

0-21 

78 

28 

77 

0*11 

124 

23 

114 

0-41 

113 

56 

105 

0*20 

145a 

275 

161 

0-14 

1456 

87 

119 

0-12 

174 

125 

1G6 

0*06 

41 

20 

217 

0*12 

145c 

75 

II9 

0*12 

Moan 

76 


0145 

(6) Ocstradiol 

227 

87 

112 

0-36 

142 

50 

115 

0‘40 

127 

125 

19G 

0-28 

ooo 

1G5 

35 

0-41 

Moan 

109 


0*36 

(c) Testosterone 

78 

326 

42 

0*97 

168 

375 

60 

1-12 

Moan 

348 


105 

(d) Progesterone 

G1 

287 

31 

1-16 


parison, but in niy cases it was noticeable that tablets of progesterone, 
testosterone and testosterone propionate disappeared more quicldy and had 
a much thicker capsule than the slowly absorbed oestrone tablets; the 
latter had a very thin capsule whether they Avere removed after 70 days 
or after 217 days, whereas the tablets of progestei'one and testosterone have 
thicker, more vascular capsules with many giant cells and small round cells. 

It appears that ovmig to factors as yet unexplained, the reaction around 
oestrone tablets is generally slight. The tablets are then isolated by fibrous 
tissue, which may account for the reduction in absorption rate. 

Forbes [1941] showed that in animals, Avhere a tablet AA'as surrounded by 
a thicker, more atypical capsule than usual, the rate of absorption appeared 
to be most often greater than usual. In my cases all the more rapidly 
absorbed tablets, i.e. progesterone, testosterone and testosterone pro- 
pionate, had a more vascular and thicker capsule. 

A careful investigation into the amount of fibrous tissue around the 
tablets is required, because this rather than the actual thickness of the 
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capsule would seem to be an important factor in reducing effective 
absorption. 

In one case a tablet of oestrone was removed (from patient 164) after 
implantation for 46 days in which time it had lost 5mg. = 16|% of its 
weight. It was washed, dried and sterilized in the same way as all the 
others of the series and then was re-implanted in a different patient 
(No. 9) — after 147 days the tablet was removed and was found to have lost 
no more weight. This was the only tablet which was used more than once. 

Clinical effects 

Oestrone and oestradiol tablets were implanted in women for chronic 
conditions needing continued oestrogen therapy after preliminaiy high 
dosage by injection, for example leukoplakia and kraurosis vulvae and 
menopausal pruritus vulvae, climacteric symptoms and galactoixhoea. In 
addition, most of the cases of vulval irritation were given an ointment of 
oestradiol containing 2*5 mg. in 25 g, of a non-irritant base. Comfort by 
this therapy was maintained in only a small number of these patients for 
a few months after implantation. But there is evidence that some of them 
had sufficient hormone in the circulation, as flushes were controlled. Case 
219, a woman aged 48, who had had infrequent scanty menstruation for 
some years, started uterine bleeding 88 days after implantation of oestrone 
and this lasted quite copiously for 11 days. After a further 63 da3’s she 
bled again for 9 days, and although the tablets were not removed for 362 
days, she had no more bleeding. In her case 94 mg. had been implanted in 
four tablets, and the calculated daily dose absorbed in this time was 
0*108 mg. of oestrone. There was no effect on the case of galactorrhoea, 
using implanted ocstrogens. 

Adequate control of such cases is greatly facilitated b}" taking periodic 
vaginal smears, and if the t^^pc of maintenance dose of oestrogen by injec- 
tion or hy mouth is knovm, an approximate calculation of the amount of 
oestrone to be implanted can be estimated. 

Tablets of testosterone were implanted in four women and four men — 
nine separate implantations being carried out altogether. This method of 
application was used as injections of male hormone had been given 
previously for various reasons for a long time. In five cases there was no 
clinical effect, but in one woman with galactorrhoea (case 78), proviouslv 
treated unsticcc-ssfulh’ with oestrogen, the persistent flow of milk was 
temporarily stemmed by 195 mg. A eunuch [Foss, 1937], after a relapse 
due to cessation of therapy, once more regained full sexual function 3 days 
after implantation of 307 mg. of testosterone. Erection, orgasm and even 
pollution occurred for a jKriod of about 3 wcek.^, after which tlie effect 
In'gatt to wane. 
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Testosterone propionate tablets were implanted in one man with 
impotence and in tJireo women. TJie man showed no improvement with a 
dose of 18G mg. in one tablet. A woman with galactorrhoea previously 
implanted with testosterone, after two implantations of 49 and 47 mg. of 
testosterone propionate remained free from milk secretion for 4 months, 
and the tablets were not removed. Another woman, case 161, folloAving a 
radium menopause, was relieved of her flushes. 

As a practical therapeutic measure tablet implantation of sex hormones 
can be used for long-term therapj' where injections, percutaneous applica- 
tion or oral therapy are either impossible, undesirable or impracticable. 
Bearing in mind the variables whicli alter the absorption rate, it is probably 
best to implant a large round tablet of oestrone or testosterone propionate, 
■where a small dose for a long time is required. Many large flat disks of 
oestradiol or testosterone -vvould maintain a higher level of dosage for a 
shorter time. 

Emmens [1941] has shown that esterification decreases the rate of 
absorption, and thus skilful use of one of the many esters available should 
greatly facilitate the task of the clinician in choosing the type of tablet 
suitable for implantation in an individual condition, in order to give a 
required dose. 

SUMMARY 

Weighed tablets, made from compressed crystals of oestrone, oestradiol, 
testosterone propionate, testosterone or progesterone, were implanted in 
male and female patients subcutaneously for varying periods of time, then 
removed and reweighed. From these figures the mean rates of absorption 
have been found to increase in the above order. Some individual cases are 
described briefly. The tissue reaction of these hormones was found to vary 
directly with the rate of absorption. 

It is suggested that this method is useful where contmued therapy vith 
the sex hoi'mones in small doses is required. It may be combined with 
occasional ‘boosting’ doses by injection, inunction or by mouth. 

The hormone tablets used in this work were kindly provided by Dr A. S. 
Parkes, by Organon Baboratories, and by Messrs Sobering and Ciba, Ltd. 
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SEROLOGICAL PROTECTION AGAINST THE DIA- 
BETOGENIC SUBSTANCE OF THE ANTERIOR 
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Frotn the Baler Imlihitefor Medical Itesearch, Alfred Hospital, 
Melbourne, Victoria, Australia 

(Received 12 December 1941) 

A NUMBER of investigators have observed tliat, when dogs are treated with 
diabetogenic anterior pituitary extract, the symptoms of diabetes may 
make only a transitory appearance despite the daily administration of very 
large amounts of extract. Young [1937j found that the diabetic condition 
could be induced to reappear when the amount of extract injected daily 
was suitabl3’’ increased, and did not believe that the refractory state re- 
sulted fi'om the appearance in the blood of antihormones. However, 
Dohan & Lulvens [1939] foimd that when a dog had been treated with daily 
injections of crude anterior pituitary extract for over 9 months, its serum 
possessed anti-diabetogenic activity. Administration of such serum to 
completely depancreatized dogs induced a marked decrease in the intensity 
of glycosirria. Young [1938], on the other hand, using preparations of 
prolactin with marked glycotropic (anti-insulin) activity, was able to pro- 
duce sera with marked anti-prolactin action but with no detectable anti- 
glycotropic activity. 

Experimental results suggesting the existence of anti-diabetogenic 
activity in sera raised against pituitary extracts were obtained by us early 
in 1939. Our investigations have subsequently been extended to include' 
experiments on the absorption of antidiabetogenic sera with various 
pituitary fractions. 

METHODS 

Eor the production of serum English hutch rabbits bred at the Institute 
were used and subjected twice a week to intravenous injections of ,a 
partially fractionated^ extract of the anterior glands. The amount of ex- 
tract injected was equivalent to 4 g. of gland per week, and the injections 
were continued for from 8 to 12 weeks, when the antibody content of the 
serum was thought to be sufficiently high. 

1 Working under a full-time grant from the National Health and Medical Research 

Council, Australia. _ _ , i , 

3 The euglobiilin fraction was removed by one-third saturation with ammonium sulphate. 
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The potency of this serum is difficult to evaluate, as the antigen on which 
it is supposed to act is unknown. It was first absorbed with ox serum in 
order to remove the unspecific antibodies against ox serum proteins and 
then tested against a prolactin fraction and the ^D’ fraction of Chance, 
Rowlands & Young [1939], 

In practice, strong complement fixation was obtained in a dilution of 
1 /1 600 and 1/3200 in the case of the ‘ D ’ and prolactin fractions respectively. 
The serum, therefore, contains antibodies against both the alcohol-ether 
precipitable anterior pituitary proteins and those whose isoelectric points 
lie between pH 4*6 and 6-5. 

Partially depancreatized male hooded rats were used as test animals. 
Following recovery from operation they were transferred to metabolism 
cages and fed on a diet of bran, casein and dried carrot in the proportions 
of 1 : 2 : 1 respectively. Water was given ad lih. 

After a few days control period, the animals were given two intra- 
peritoneal injections (each equivalent to 1*5 g. fresh gland) per day of 
pituitary extract. 

BEStTLTS 

As Table I shows, the injection of anterior pituitaiy^ extract (a.p.e.) is 
followed by marked increase in the urinary excretion of glucose, which is 
maintained in the case of the control animal (rat 1). 

Table I. Effect of daily a.p.e. injections on glucose excretion of 
partially dcpancrcatized rats 

24 hr. excretion of glucose in mg. 

/ - . A, , . _ ■ ■■ , . ^ 

Unt no. let day 2nd day 3rd day 4th day 5th day 
(a) A.p.K. injttiions 

1 00 00 50*3 49-8 — 

(5) A.r.n. injections + injection of immune serum on Znd day 

2 9-2 29-5 7*9 Trace — 

3 5-7 36-8 0-0 0-0 — 

(c) A.r.n. injections + injection of normal serum on 2nd day 

12 5-0 38*7 G7-0 80*4 92-3 

13 20*0 41-C C4-0 7C-3 97-5 

Rats 2 nnd 3 received, in addition to the anterior pituitary c.ttraet, an 
injection of n ml. of immune nerum after which the urinary glucose dis- 
npj>cared. Thus, the Kcrum lias not only protected against the diabetogenic 
effect of the anterior pituitary e.xtract , but ha.s also abolidicd the glveosuria 
arising from the loss of pancreatic tissue. The administration of normal 
rahhit serum docs not result in any protection, as shown in rats 12 and 13. 

It is of furtlier inten'st to ascertain the nature of tlic diabetogenic 
principle in so far .as its antigenic jirojxTties an' concerned, and with this 
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end in view the rabbit anti-serum was absorbed witli the prolactin, growth 
and tliyrotropliic principles. 

The animals taken for the experiment, the results of which are shown in 
Table II, were given two daily injections of anterior pituitary extract 
(equivalent to 3 g. gland), and in addition 3 ml. of immune serum on the 
third day of the experiment. 


Table II. Effect of absorbing immune serum with various •pihiitary fractions 


Total urinary glucose (mg.) 





A 

3rd day 




Rat 


2nd day 

A.p.E. and 

4th day 



no. 

lat day 

A.r.E, 

scrum 

A.P.E. 

6th day 

Serum absorbed with 

4 

12-0 

130 

32-0 

71-0 

73-0 

Prolactin* factor 

5 

14-0 

20-0 

490 

690 

70-0 

G 

16*0 

16-0 

4G-0 

24*0 

26-0 

Growtli factor 

7 

IGO 

IC‘0 

43-0 

<6-0 

10*0 

8 

9 

22-0 

10*0 

24*0 

18‘0 

36-0 

26-0 

o o 

11*0 

13*0 

Tliyrotrophic factor 

10 

18*0 

22-0 

32*0 

49*0 

Traces 

Untreated 

11 

21-0 

19‘0 

66-0 

6-0 

Traces 


♦ Containing both adrenotrophic and mnmmotrophic factors. 


Protection against the diabetogenic action of anterior pituitary extract 
is afforded to animals 6-11 inclusive. In animals 10 and 11 treated with 
unabsorbed serum there is also a protection, and, further in accord with the 
behaviour of animals 2 and 3, Table I, the glycosmia due to partial pan- 
createctomy has disappeared. In contrast to this, whilst there is a protec- 
tion against the action of the diabetogenic principle, the initial glycosuria 
is not abolished in animals 6-7 and 8-9, which were treated with serum 
absorbed with groAvth and thyrotrophic factors respectively. This is almost 
certainly due to the partial removal of protective antibodies by the re- 
latively impure growth and thyrotrophic fractions. The most liliely 
impurities would be traces of prolactin, but the possibility of a further 
contaminant not identical with the known fractions of the anterior 

pituitary gland must be kept in mind. 

Contrary to these results, serum which has been absorbed with prolactin 
fractions gives no protection against the diabetogenic effect of the extracts. 
It can, therefore, be stated that the diabetogenic and prolactin fractions 
of the anterior pituitary gland are similar as regards their antigenicity, bu 
that there is probably no serologic association between these fractions and 

the growth and thyrotrophic principles. r u ^ ♦ m 

This paper constitutes a preliminary report of the work, the full details 

of which will be published later. 
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sotimaby 

1. The serum of rabbits treated with an anterior pituitary extract 
abolished the glycosuria in partially depancreatized rats and inhibited the 
diabetogenic action of pituitary extracts in the same animals. 

2. The antidiabetogenic activity of the serum was absorbed by growth 
and thyrotrophic pituitary extracts but not by a prolactin fraction; the 
activity abolishing the normal glycosuria in partially depancreatized rats 
was absorbed by all three extracts. 
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EFFECT OF HORMONES ON DEGENERATION OF 
THE Z-ZONE IN THE MOUSE ADRENAL 


By H. waring, From the DepaHmerU of Natural History , University of Aberdeen 

{Received 25 October 1941) 


Between the ‘permanent^ cortex and medulla of the mouse adrenal there is a tran- 
sitory cortex variously called the X, interlocking, boundary, or androgenic zone. 
At the height of its development the zone occupies about half the total width of the 
cortex. Its development, histology and variations in intact animals liave been 
described elsewhere p»Iasui & Tamura, 1926; Tamura, 1926; Howard, 1927, 1930, 
1937; Deanesly, 1928, 1938; Whitehead, 1933; Waring, 1935; Waring & Scott, 1937]. 

Sections of glands from a mouse 4 weeks old, of either sex, show a well-defined 
X-zonc of highly eosinophil cells interlocking with the medulla. In the intact male, 
rapid degeneration of the zone begins at 28-30 days and leaves a connective tissue 
band between the medulla and permanent cortex. 

In males castrated before puberty, the zone does not degenerate at the usual time 
but increases in size. Degeneration does cventuall}^ occur in old castrated males. 
Injection of androgens evokes rapid degeneration in the castrated male [^lartin, 1930; 
Poll, 1933; Deanesly & Parkes, 1937; Starkey & Schmidt, 1938; Howard, 1940]. 

The X-zonc of virgin females also degenerates, leaving a fibrous capsule to tlic 
medulla. In this sex the process is more protracted. In some strains degeneration 
may commence at 30 days [Howard, 1927], but in the mice used in the present 
experiments the zone is still intact until at least 70 days. 

Pregnancy at any age precipitates rapid degeneration of the zone. Five days may 
Bufficc for its complete degeneration, and it has always reached this condition by 
the twelfth day [Howard, 1927; Deanesly, 1028; Takewaki, 1930], According to 
tlicsc authors degeneration does not occur during pscudopregnancy nor does trauma 
of the pscudopregnant uterus evoke degeneration (Takewaki], Since implantation 
of the embryo occurs at the sixth day it is evident that placcntation Ls not essential 
to the tlegcnorative process. 

Implantation and injection of anterior lobe substance and the injection of chorionic 
gonadotropin evoke degeneration of the zone in intact but not spayed females (.cco 
summary of literature by Takewaki (1935]). 

Various theories of the physiological role of the A'-zone have lx?en discussed bv 
Howard (1927, 1930, 1937, 19*39u, 6, 1940], Howard & Gnmgadom [1910]. Grollman 
(1936], lAddond ^ Gardiner (193S] and Gersh k Grolhnan (1939], 

The pn'sent ]n]>er descrilvcs exj>orimcnts designed to elucidate the physiolngirnl 
basis of degeneration d\iring ]>rcgnaticy. Tins object was not arliieved, but surgestive 
re^'iilts wen' o\>tained. 

MATEKIAL AND Mjrniops 


7 he miiv wen' alhitm^ takei^ fn>m a odony btiilt up frxun half a given bv 

Dr ParheN in 1933. y\\r ch.ara^ti ri'-tir-, of thr j^an nt d#-* 

by Pnrkrv [1923. 1927) i\iv histology of th»' adn'?n\!'' h\ dy [192''1. 
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]\falcs were castrated at 23-25 days through a single abdominal incision. Females 
were S|)a 3 'cd tliroiigli two small lumbar incisions. 

In most experiments the left adrenal ^wns removed jmior to injections. It was fixed 
in Bonin’s fluid, sectioned in i)arafTln and stained witli Jiaematoxylin and eosin. 
Sections to confirm the presence of fibrous tissue w^ere stained with Mallory. At the 
end of the injections the second adrenal was treated similarly. For the present 
purpose there is no objection to this method of control. Scott (unpublished) in a 
stiid}^ of 750 glands found no diiToronco between the X-zone of the right and left 
glands. Whitehead [*1933] observed no changes in the remaining gland after imilateral 
ad^enalcctomJ^ In some experiments animals wore used without first removing one 
adrenal, reliance being placed on the knovn age relationships of the zone as control. 

All aqueous solutions were administored twice, oily solutions once, daily. 

THE EFJFECT OF INJECTING VAKIOUS HORMONES 
Effect of oeslro7ie i?ijcciio7W 

Previous work indicates that the response evoked by oestrogens both in the A’-zone 
and iiermanent cortex varies greatly vath tlie dose [Martin, 1930; Burrows, 1936; 
Cramer & Horning, 1937; Deancsly & Parkes, 1937; Lacassagne & Raynaud, 1937; 
Deancsly, 1939]. 

Marrian & Parkes [1930] found that 200 m.u. of oestrogen were necessary to evoke 
full oestrous symptoms in a spayed mouse. The amount of oestrone equivalent to 
1 m.u. varies greatly according to different workers, but according to Burn [1937] 
Marrian gives 0*06 ^g. of oestrone as 1 m.u. One international unit is the oestrus- 
producing activity of 0-1 /zg. oestrone. So 10-20 ftg, (0-01-0-02mg.) of oestrone have 
similar oestrogenic activity to the 200 m.u. injected by Marrian & Parkes. There 
are no data for the amount of oestrogens in the mouse body during pregnancy. At 
this time the oestrogen content of human serum increases considerably. So larger 
quantities than the minimum (i.e. 0'01-0*02 mg.) necessary to produce full oestrous 
symptoms were injected into some animals. Table 1 records the results obtained 

Table 1. Effect of daily injections of oestrone in intact and 
ovariectoinized female mice 


Age at Oestrone treatment 


No. start of 

/ ^ 



Histological condition 

X ■ — 

01 exponmeni> j.otai aosu 
animal in days mg. 

Jreriocl 

days 

r 

1st adrenal 

2nd adrenal 

fa) Intact 

1 40 

0-01 

14 

— 

X'zono intact 

2 40 

0036 

4 

— 

X-zone intact except for incipient 

[b) Spayed and one 

adrenal removed prior to treatment 

degeneration in places 

3 CO 

0'076 

6 

X-zono intact 

As no. 2 

4 60 

0*15 

5 

it 

X-zono haemorrliagic with clear 

6 CO 

0'305 

10 

it 

evidence of disintegration 
X'-zono largo and intact 


vhen varying amounts of oestrone were injected into intact and ovariectoinized 
emale mice. It v'ill be seen that the treatment caused no degeneration of the A -zone. 
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Autopsy showed that all the oil was not absorbed in animals recemng the larger 
injections, but the vaginae of these animals were more heavilj^ comified than during 
normal oestrus. 

Since degeneration of the X-zone can take place \nthin 5 days during a normal 
pregnancy and largo doses of oestrone over longer periods did not consistent!}- lead 
to its destruction, we may conclude that degeneration during pregnancy is not due 
to an increased concentration of oestrogen in the circulation. 

Ejffect of 'progesterone injections 

Early experiments made by the writer in 1933, like the similar ones of ^lartin [1930], 
gave negative results. They were not published. In that series an oily extract of 
corpus luteum, marketed by Parke, Da\ds and Co., was injected for periods up to 
10 days. No gland showed definite signs of X-zone degeneration. In my 1938 
experiments synthetic progesterone replaced the oily extract. Robson [1938a] showed 
that pregnancy can be maintained in spayed mice b}’’ daily injection of 1 mg. of 
progesterone. His later studies [19385] showed that 1-5 mg. daily reproduced more 
faithfully the eflccts of the amount of progesterone -like substances present during 
normal pregnancy. He reached this conclusion from the follo\ring observations: 
(i) more oestrogen is necessary to cause vaginal cornification in pregnant animals 
than in non-pregnant spayed animals [Parkes & Bcllerby, 192G]; (ii) ‘inhibition of 
the vaginal action of ocstradiol during pregnancy is similar to that produced in 
non-pregnant spayed animals by the administration of about 1-5 mg. of progesterone 
per day’ [Robson, 19385]. 

Using these data as a guide the experiments recorded in Table 2 were made. 
Table 2 shows that doses of progesterone that might be considered of physiological 


Table 2. Kffcct of daily hijccdons of progesterone into iO-day-old iritact or 
omricctomizcd female mice. Autopsy 1 day after last injection 

PropT^lorono trcr\lmrnt 


Xo of 
nnittm! 

Tolnl 

mp. 

Poriewt 

clftyn 

Ht«‘toIoplcnl condition nflor cxporirn^'nl 

(o) Intnrt 

I 

70 

1 

A’ -rone intnrl 


70 

1 

.V-7otie tp.jt ttiin rorinr>^t ive iKinfl 

a 

10 r» 


ftjnuinp it nnd 

A -rone intArt 

4 

n» :» 

* 

no. e. but conn^livr ti-^ no* fo mnrV./«t 

fi 

10 r, 

4 

A' -mne 

f> 

IS 0 

0 

.Y-rorif* intnrl 

IM 

l onr trYfl 

n> r. 


A‘-7om'' 

s 

to r. 

7 


O 

1*^ 0 


.Y f 


d«^ not dopmrration of the Ho^\rvt<l Jc [1940] 

rcarhMl llsr ^atr.e n’tuIcM'on after injertini: ntul i!!5]»!'*.!itin;r t* <»f 

pTo/i" ti 
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luffed of j)ro(/cstcro7ic injections after oestronc 

Progesterone produces its t^^pical o fleet on the uterine endometrium of rabbits 
onl 3 »’ 'Nvlicn injected into intact animals in oestrus or into castrated animals prcviouslj 
injected Mutli oest-rogens. On the assumption that A^-zone behaviour might prov( 
analogous, mice Avere first injected with oestronc and then witli progesterone. Thii 
procedure was tentatively tried out on nos. 1 and 2 of Table 2, by starting the 
progesterone injections at oestrus. I’Jicrc are no data on the amount of oestrogens 
present during early pregnancy, so small doses were used in the first experiment 
and the amounts increased in later ones. 

The results are summarized in Table 3. Tlicy provide no reason for believing that 
oestronc and progesterone in combination arc responsible for A"-zone degeneration 
during prognanc 3 ^ 


Table 3. Effect of daily injections of oestronc and progesterone into intact or 

ovaricctomized female mice 



Ago at 

Oostrono 

Progostorono 



Btnrt of 

treatment^ 

troatmont* 



oxpori- 

A 

r 

"V 

, ^ 

' \ 

Histological condition 

No. of 

mont 

Total doso 

Period 

Total doso 

Period 

of adrenal aft-er 

animal 

days 

mg. 

days 

mg. 

days 

injection 

(a) Intact 







1 

40 

007 

7 

7-0 

7 

X-zono intact 

2 

40 

002 

o 

10-5 

7 


3 

40 

0-02 

2 

10-5 

7 

»» 

4 

40 

0035 

4 

10-5 

7 

f f 

5 

40 

002 

2 

18-0 

9 

It 

C 

40 

0 035 

4 

18-0 

9 

11 

(6) Spayed and one adrenal removed prior to treatment 



7 

45 

0-0G5 

4 

12-0 

8 

X-zono intact 

8 

CO 

0-305 

10 

9-0 

G 

X-zono intact. Marked 







vacuolization of zona 







rotioulnris 

9 

CO 

0-185 

12 

12-0 

8 

It 


♦ Except for nos. 8 and 9, oostrono ivas injected on siiccossivo days, followed by daily injection of 
progesterone. Nos. 8 and 9 received oostrone alone for 4 days and both oostrono and progesterone for 
the remaining days. All animals niitopsiod 1 day after last injection. 

Effect of injections of oestrone iogetha' with choidonic gonadoirojnn 

It seems that degeneration of the A'-zone in pregnancy is not duo to oestrone or to 
progesterone alone or in combination. Injection of gonadotropins into intact but not 
spayed females evokes degeneration. TJius the ovary is in some way involved. Takewaln 
believed that ‘the participation of a third ovarian hormone. . .may bo possible 
[Takewaki, 1935]. Starkey & Schmidt [1938] suggested that an ovarian androgen is 
responsible. Another inter 2 )retation may bo put forward which has not been con- 
sidered hitherto. Takewaki observed that the A^-zone may degenerate in intact 
females injected with gonadotropins while the vagina is still showing an oestrons 
smear. This is open to several interpretations. One is that oestrogens and gonado- 
troj^in act synergically to evoke degeneration of the zone. During the course of 

1 Since those experiments woro performed it has boon shown that mouse ulori react to progestorono 
without previous sonsitization with oostrogons [Howard & Grongadom, 1940]. 
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preliminary experiments to confirm that gonadotropins do not affect the Z-zone in 
gonadectomized animals, degeneration did occur in some castrated males injected \rith 
a crude extract of pregnancy urine. The extract exhibited oestrogenic activity. 
Androgenic properties were not tested for, so no definite conclusion could be drawn. 
Tlie possibility of simultaneous or synergic action of oestrone and chorionic gonado- 
tropin evoking a response similar to that of androgens was deemed of sufficient 
importance to justify further test using a purified gonadotropin. So gonadectomized 
males and females were injected with various doses of oestrone and gonadotropin. 
Two procedures were employed: (a) oestrone and gonadotropin were injected simul- 
taneously. Twelve virgin females were spayed at 30 days and one adrenal was 
removed at 42 days. Injections started at 44 days and finished at 53 days. Autopsy 
was performed at 54 days. All animals received 30 i.u. chorionic gonadotropin 
(‘Pregnyl’) per day, four received 0*005 mg. of oestrone per day and four received 
0*01 mg. per day. The Z-zone was intact in all adrenals at the end of treatment. 
(6) Gonadotropin was injected daily into castrates previously treated vnth oestrone. 
Table 4 shows that this treatment brings about degeneration of the Z-zone. 
Similar quantities of oestrone alone or of gonadotropin alone do not have this effect. 

Tabic 4, Effect of daily injections of oestrone follo\ce<l by daily injeclions 
of chorionic gonadotroyin into castrated male mice 


Cliorionic 

gonadotropin^ 


No. of 
nnirniil 

Ago nl 
Btart of 
injoc- 
tlonflf 
cJjxya 

injcclionfl 

^ -- - 

Daily PcriCKl 

doso (days 

i.u. inclusivo)! 

Killed 

HLitological condition of 

Bccond adrenal 

1 

r>o 

30 

0>12 

13th day 

AT-zono crushed and degenerating 

»* r» 

2 

70 

30 

G-12 

3 

50 

30 

C~15 

17 th day* 

f* t* 

4 

70 

30 

C-15 


t( »• 

C 

GO 

90 

0-12 

13lh day 

f * »* 

Cl 

70 

90 

0>12 


»» »» 

7 

50 

90 

0-12 

Diod on 12th day 

«♦ •» 

K 

70 

90 

0-15 

17th day 

-Y-tone felightly roducfvl. No degenern- 

0 

70 

N 

on« 

13th day 

tive changes obvious 

A'-zono not rtnlucH. Compl/'tely intact 

• I’ri'gnyl (Orj^nnon, l.tU.). 
1 Nirm innlr*’! <*nstrnt^'<i nt 

25 dajT*. . 

AH 0 02 m 

g. (x.«trone in nil dnv for 3 iinvn fi.i 

totnt f.f 0 Oa rn^.). 

On Gill liny nn.1 nrlnr'nal rrmovf*<l. All ^^JOwrHl \\oll-(l^vrlojw-l intnrt .V* 7 on^. 


EJJrci of yitnitary nhnid irnj^nntatinn^ 

'r<* .‘‘uppleincnt tlir^o ohwvations on the effect of chorionic ponrulotrnj>in afler 
oe-^trone. pituitary implants won* made into gonador-t^unirod animal? after injcf'- 
tuMvi t>f The oontroU rocidved imjdants but no oe-trone. I’ituitaricr wen* 

rt'iiUivo<i fnun rat‘^ atul iuMTt^'d .subcutaneously. TJie tuo the f»ittiiiarv xicto 

not foparatrti lv‘r;nivf it \\a<^ d^'>iro<l to mabe the implantation^ rnj>:d]v and "it 
not ovjH'rtod that p<^'trriur IoIm' wouM e\<Tt any inflm ricr'. 

'I'ahlo :> ».\iuunarirc'- tlie <'\J>»'Titnc!n'^. The rx*Mil!s urn* unc\jv -tori. 'Jhc A‘*ro:]r^ 
dc^xauu at ijie V or hatl <h';:«'ocratod tclv, in all poii-eh- aTiirr.a!' 

that Jr.vivrd ottK pituitary ioipt.aut- (tc- 1 ie!p! e:t- id ri t 



128 


IT. WARING 


:i^ablc 5. 


No. of 

nnimnl Sox 
1 Fonmio 


Effect of %inyHant\nri adult fcrualc rat pituifarics into sjxiycd female 
and castrated male mice 


Histological condition 

Troatrnont adrenal 2nd adrenal 

Spayed and ono adrenal removed 47 days, two pitni- A'-zono intact A-zono degene* 
taries implanted 48 daya and two at 52 days. rated 

Killed 54 days 


2^ Female 


3* Female 


Spayed CO days old, Ono adrenal removed and two A-zonc largo A-zono degene- 
pituilarics implanted at 74 days. Two pitnitarios and intact rating 
implanted 78 days. Killed SI days 

As no. 2 As no. 2 A’'-zono degene- 

rated 


4* Female 


r>^ Female 


Ah no. 2 but 1st adrenal removed and two pitui- As no. 2 
tnrics implanted OG days. Two pitnitarios im- 
planted 70 days. Killed 73 days 

As no, 4 As no. 2 


A-zone dogono- 
rating 

A-zono degene- 
rated 


G Female Spayed 20 days. 0*05 mg. of ocstrono injected bo- A’-zono intact A'-zone intact 

tween 31 and 41 days, Ist adrenal removed at end 
of ocstrono treatment and two pituitarios im- 
planted same day. Two pitnitarios implanted 
45 days. Killed 49 days 

7 l^Ialo Castrated 21 days. 0-05 mg. of ocstrono injected A-zono intact A-zono intact 

26-31 days. Ist adrenal removed at end of ocstrono 
treatment and two pituitnnes implanted same day. 

Two i^ituitaries implanted 35 days. Killed 39 days 


♦ Animals from a difforont albino stock in wlu'cb a largo A-zono is developed whieli does not do* 
generato until late in life. 


lobe substance do not evoke A^-zone degeneration in castrates [Take^vaki, 1035], the 
degeneration in tJieso animals must be attributed to tlie presence of posterior lobe 
tissue in the implants used in the present experiments. Tlie two animals (nos. C and 7) 
that were injected Muth oestrone prior to implantation of pituitaries had intact 
X-zones at the end of the experiments. So it seems that oestrone antagonizes the 
destructive effect of the posterior lobe on the X-zone. 

An attempt was made to confirm tlieso findings ndtli injections of posterior lobe 
extracts uncontaminated witli anterior lobe substance (Table 6). Unfractionated ex- 
tracts of posterior lobe pituitary exhibit pressor, antidiuretic, melanophore-expandiug 
and oxytocic properties. TSvo fractionated extracts were injected: (i) Pitressin (Parke, 
Davis and Co.) which contains the first three properties mentioned witli onlj" a trace 
of oxytocin, (ii) a preparation of melanophore-expanding liormone uncontaniinated 
with other posterior lobe principles [Landgrebe & Waring, 1941]. The amount of the 
latter injected contained roughly the same quantitj^ of melanophore excitant as 
0-5 ml. of Pitressin. The experiments made, tliough small in number, support the 
view that a posterior lobe hormone (probably vasoiwessin) has a destructive effect 
on the X“Zone and that oestrone inhibits this effect. 

The larger doses of Pitressin injected (nos. 1 and 2, Tabic G) caused discoloration 
of the kidneys. So the experiments were discontinued as being unlikelj^ to furnish 
data of plij'^siological significance. 
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Table 6. Effect of injecting ’posterior lobe hormones into male and female mice 

Histological condition 

No. of ' " — 


animal 

Sex 

Treatment 

1st adrenal 

2nd adrenal 

1 

Male 

Castrated 25 days. 1st adrenal remo%"ed 70 days. 
0-5 ml. of Fitressin injected 71-73 days inclusive. 
Killed 74th day 

X-xone intact 

X-zone degene- 
rated 

2 

Female 

Intact. 1st adrenal removed 50 days. 0-5 ml. of 
Fitressin injected each day 53-57 days inclusive. 
KiUed 68th day 

X- 2 one intact 

X-zono intact 
except for a 
few vacuoles 

3 

Female 

As no. 2 but injected 0*1 ml. of Fitressin per day 

X-zone intact 

X-zone intact 

4 

Female 

»» »» 

X-zone intact 

X-zonc degene- 
rating 

S 

Female 

As no. 2 but injected 0*5 ml. per day of solution of 
L.w. mclanophore-expandinghormono (0*4 mg./mU) 

X-zone intact 

X-zone intact 

6 

Female 

** »t 

X-zono intact 

X-zone intact 


DISCUSSION 


The physiological basis of X-zone degeneration during pregnancy is not yet clear. 
Lehlond & Nelson [1937] showed that the X-zone is only found in mice %\dth an 
intact pituitary. Hypophysectomy also reduces the permanent cortex but does not 
obliterate it. So it is evident that in the intact animal both the permanent cortex 
and the X-zonc are maintained hy pituitary secretions. There is no evidence to show 
whether one or more pituitary hormones arc involved. 

In the intact animal X-zonc degeneration may result from (a) reduced pituitary 
secretion or (6) direct action of excitant substances on the X-zone. Further, X-zonc 
degeneration (i) at puberty in the intact male, (ii) during old age in castrated males 
and virgin females, (iii) during early pregnancy, may not be due to the same agency. 
The available evidence may be summarized as follov^-s. 

Degeneration at 'puberty in the male. Degeneration in the intact male at pubert3^ 
or in tlic immature male after gonadotropic injections is accounted for b}’ the release 
of androgens into the circulation (p. 123). Whether androgens evoke degeneration 
b\' inhibiting hj-poph^’scal activity’ or b^" direct action is unknou*n. 

Degeneration in x'irgin fcnwlcM. In the absence of evidence to the contrary it seems 
pro\)al)lc that degeneration of the zone in virgin females is due to reduced secretion 
from the anterior lobe of the pituitary. This view is supported b\' degeneration of 
the zone in old males where gonadic influence has l>cen excluded hy carlv castration. 

Drgetirrntinn (hiring early pregnancy. There is no satisfactory explanation of X-zone 
degeneration dtiring early pregnancy. Gonadotropic extracts injected into intact 
iuunattire fcnmles cause degeneration of the X-zonc. Degeneration docs not occur 
after sitnilar tn\almcnt of spayed animal^ [Takewaki. It therefore .K‘cms 

pnthahle that degeneration during early ]>rr‘gnaney results from the action of eitlier 
(a) <»var>an lu^nuone'^ alone or {b) ovarian Iionnones together uitli gonadotropin. 

(n) Oe^troiD' and progr-trrone have no effect in do^^vs tif phy.-iolMgjfM] sinnificnTjf'*^* 
(pp 12.», 1 20 ). Starkey SchruitU [ llK>'']sucge-t<‘<l that de;:(‘ncrati'^»n inav Im* due to an 


ovariati audro;:('n. 1'hi'i rt't^ ive'- ^tlpp^rt front tlie ob'C^^•;vti^ 
into luanir***! a!rdrogoT\ic activity. Tl.ev 

glnmblllilk HMl. Hdl «V Stn^rjc. lUt»)] aiul'i 


•n th.at ovari< - inn 
maintain innh- ac/ 

\ < kc thv’f * j r:,t iti 


of *1 
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A"-zonc [Taivcwald, 1030]. A dififiouliy this view must contend witli is that ovaries 
implanted into females do not cause degeneration of the A^-zono [Takewaki]. 

Alternative (b) has not been fully explored. TJic experiments described on p. 127 
show that doses of oestrogens which alone do not evoke degeneration may do so 
when purified gonadotropin is administered at the same time. Apart from the fact 
that the doses administered are probably too In’gh to be of physiological significance 
11)0 findings arc ambiguous for another reason. A^-zonc degeneration takes place in 
one of t'wo wiiys, T)ic colls may bccoino liighl}^ vacuolated and eventually collapse, 
or fibrous degeneration witliout vacuolization may occur. With the former it is 
possible to diseriiniimle clearly between degeneration of tlic A'-zone cytolysis of 
ii-s constituent cells and degeneration due to pressure from an enlarging permanent 
cortex. With the latter it is not-. In nos. 1-7 of Table 4 degeneration was of the 
second tj^pc. 

It is further relevant to note that degeneration of the A-zonc has been recorded 
in two classes of experiment in whicli there has been no attempt to relate the experi- 
mental findings to specific pliysiological events in the intact animal. (1) Gersh & 
Grollman [1030] observed that treatment with cortical extract caused A-zone de- 
generation and inferred that when the permanent cortex attains its full activity the 
A"-zonc is superfiuous and degenerates. Howard [19*10] criticized these experiments 
on the grounds that tJic extracts used may liave contained androgens. She was 
unable to repeat their results using desoxycorticosteronc. (2) Implantation of fresh 
pituitary and injections of vasopressin evoke degeneration of tlie A'^zone in castrates. 
It is unlikely tbat the amount of vasopressin nccessarj^ to effect this response has any 
pliysiological significance. 

A question of more general interest in regard to inliibition of liypoph 3 ^seal activity 
is raised by the results of oestrogen treatment. Moore & Price [1932] showed that 
the small dose of 6 rat units of oestrogen per day for 20 daj^s was sufficient to cause 
severe tubular damage in the testes of 30-da3^-old rats. Doses of 10-15 r.u. per day for 
the same period caused similar damage in mature males. Parallel injection of mixtures 
of oestrogens and gonadotropin showed that damage caused by the former was due to 
inhibition of gonadotropic activity of tlio intact pituitary. The present experiments 
show tliat much larger quantities do not cause destruction of the A-zone. So it seems 
that oestrogens do not readily inhibit release of tlic pituitary principle necessaiy for 
maintenance of tlie X-zonc. Otlier evidence indicates tliat oestrogens do not inhibit 
secretion of the pituitary principle responsible for the maintenance of the permanent 
cortex. It seems more likely that the release of the latter is facilitated. Except when 
treatment is prolonged oestrogens cause enlargement of the permanent cortex [sum- 
mary of literature in Deanesly, 1939]. This effect may be attributed to (a) direct 
effect of oestrogens on the adrenal cortex or (i) an indirect effect through the pitui- 
tary. Since cortical liypertrophy does not occur in hypophysectomized animals the 
latter is the more likely. 

SUMMARY 

1. Oestrone and progesterone separately or together do not cause degeneration 
of the A'-zono of tlie mouse adrenal cortex. 

2. Injection of j:)regnancy urine gonadotropin after oestrone causes A"-zone de- 
generation in castrated males. 
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3. Implantation of whole pituitaries and also injection of large doses of vasopressin 
yoked degeneration in a small group of castrates. 

Tlianks are due to Schering Ltd. and Organon Ltd. for very generous supplies of 
Proluton’ and ‘Pregnyl’ respectively. The investigation was financed hy a grant to 
*rofessor Lancelot Hoghen from the Medical Research Council. 
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THE KETOGENIC ACTIVITY OF EXTRACTS 
OF THE ANTERIOR PITUITARY 
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Ixfndon, S,E, 5 

{Received 29 December 1941) 

[t is now well recognized that fasting rats are more suitable than fat-fed rats for the 
detcnniiiation of the kctogenic activit}'’ of extracts of endocrine organs [Shipley & 
Long, 1038; Black, Collip & Thomson, 1934; Gray, 1938J. Shipley & Long found that 
measurements of the increases in ketonaemia were more consistent than those of 
increases in ketonuria in such investigations. 

TJie experiments described liere deal with modifications and improvements in the 
mode of assay previously described [Gray, 1938] and 'with the application of such 
improved methods to the detcnniiiation of kctogenic potency of material prepared 
by ammonium sulphate fractionation of extracts of the anterior lobes of ox pituitaries. 

In view of the findings of Shipley & Long [1938] tliat the ketone bodies are 
threshold substances, a number of assays were checked by using the method described 
by these workers. In addition, a number of experiments were performed in which 
the effect of kctogenic extracts on ketonaemia and ketonuria were simultaneously 
investigated. An attempt has been made to correlate the findings in order to interpret 
rises in ketonuria in terms of rises in ketonaemia. 

Finally, the kctogenic activities of extracts from ox and sheep anterior lobes of 
the Jiypophysis were compared. 

METHODS 

Biological 

Investigation of keton'iiria 

Male rats Aveighing 100-150 g. Avere employed. They Avere fasted for 36 lir. before 
injection of the extracts to be tested. After injection tliey Avere placed in individual 
metabolism cages and the urine collected during the folloAAdng 24 hr. 10 ml. of Avater 
were administered by stomach tube every 4 hr. for the first 12 hr. during the period 
of urine collection. Finally, the cages and the funnels Avere Avashed in a standiird 
manner Avitli 10 ml. of AA’^ater. In this Avay each rat 3 delded 17-30 ml. of urine Avith 
washings, a quantity suitable for macro -analysis. 

Investigation of ketonaemia 

The method of Shipley & Long has been carefully followed. 

Simultaneous investigation of ketonuria and ketonaemia 

Numerous attempts Avere made to determine the ketones excreted in 4 or 8 hr. 
and thus to correlate these Avitli the blood ketone concentration measured during 
that period. Owing to the difficulty of obtaining urinary specimens suitable for 
analysis, this Avas soon found impracticable. In the experiments recorded below the 
L'ats after fasting for 36 hr, Avere bled from the tail vein, the extract Avas injecte 
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Bubcutaneously, and urine collected during the following 24 hr. A second sample of 
blood was taken from the tail vein 4 hr. after the injection. The ketone-body contents 
of the two blood samples and of the 24 hr. output of urine were determined. Urinary 
output w'as maintained as before by the administration of three 10 ml. quantities 

of water by stomach tube. 

^ . Chemical 

Prejyaration of extracts 

These were very Idndly provided by Dr E. G. Young of the National Institute for 
Medical Research, London. Their preparation and hormonal potencies have been 
described elsewhere [Young, 1938 a, 6, c, 1939; Marks & Young, 19^0]. All the 
extracts were kept in the frozen state until shortly before use. 

Chemical eslimalions 

Urinary ketones were determined by the Deniges-Van Slyke method [Peters & 
Van Slyke, 1932]. With very little experience, it was possible to judge w’hen the 
mercuric sulphate-acetone precipitate corresponded to less than 1 mg. of acetone per 
24 hr. In such cases the precipitate was not weighed but recorded as corresponding 
to 0 mg./24 hr. Blood ketones \vere in a few instances determined b}" the Engfeld 
[1925] method, but this w'as soon abandoned in favour of the modification of the 
Scott-Wilson method described by Shipley & Long. The distillation apparatus 
was modified so that it could be constructed from standard Quickfit and Quartz 
apparatus with standard glass- joints. All the ketonaemia results recorded here w’cre 
carried out by this method. 

REStTLTS 

In all, 132 simultaneous determinations of ketonaemia and ketonuria in injected and 
uninjccted rats have been made and the results arc summarized in Table 1. For 


Tabic 1. Ketonaemia and ketonuria 

Rnts injocted ■with doses of extract Control mts and rat^ injected with do?ci 
cfTectivo in inducing ri^ep in blood of cxtrncl incrfective in inducing 

kctone<? > S mg./ 100 ml. in blcKxi ketone? > a mg./ 100 ml. 


I)loo<l kf'lon<'‘i 

Xo. of 

Avempo 

ketonuria 

Rnngo 

Xo, of 

Avomee 

ketonuria 

Range 

mg./ 100 ml. 

rats 

mg./24 hr. iP.r>. 

mg./24 hr. 

mt? 

mg.;' 2 4 hr.i^.n. 

mg./24 h; 

0 - 4 0 

0 

— 



13 

1 *^1 

0- 3 

r» o> 0 0 

1 

0 

0 

IG 

0 n - 07 

0- 2 

10 0^14-0 

in 

C± n 

0-17 

14 

1 ±1-4 

O- .5 

ir.-o^io 0 

\i 

intic 

0-40 

3 

0 i 2 

C-12 

eo o-2i0 


H±12 

0-ni 

1 

1 ±0 

1 

2v^ 0 CO 0 

s 

22±30 

0-05 

0 



30 -34*0 

11 

IK±22 

0-7G 

0 




Over 33 

12 

ml in 

fV-40 

0 

— 




n'.'iNon*^ which will become ohYiou‘^ later, the have iK'en divi<]e(l into 

gnoip-;. 'Fho-e fr<»rn nit> which r(^-jv>n(ic<i t<^ injection" of of tlie anterior 

pituitary by inrn'a^e*^ in tlu' bbK>d ketorv*'- c»f 5 jut:. t^r iiHtro j>er loo ml. rvre "cjiarat/d 
fnnn ibe result" fnnn eorilmU .atid rat> which failrvl rr^jv^nd to tliC inj''’c:ioT> in 
thi" way. 

Ih'tailcd nT\aly*'iv <xf tl\e that th^ ijun-.;*"* in k*'t< tirT** ! 

mnri' trguluK than \hv itur* ^ in krtonnria in injf .-ted 
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of potent extract, l)ut even wit Ii tlio incasurcmontxS of ketonnemia there was great 
variabilky in response. TJie existence of a renal threshold for ketone bodies was 
clearly demonstrated but it was also obvious from the results that this threshold 
must vary grcatl}^ from rat to r/it. '^riuis, in all, twenty-three rats were encountered 
with blood ketones wdiicli rose above 30 mg./IOO ml., and of these, six produced a 
ketonuria of less t han 4 mg./24 lir. These six must liavc had a renal tlireshold of 
more than 30 mg./IOO ml. On the other liand, in a series of seventy-three rats with 
blood ketones bclo^v 20 rng./lOO ml., twenty-three produced ketonuria of 4 mg. or 
more per 24 hr. (The highest kcloiuiria observed in a rat w'ith a ketonacmia below 
20 mg./IOO ml. Avns 40 mg./24 hr.) These Uvcnty-thrcc rats must have had renal 
thresholds below' 20 mg./IOO ml. With blood ketones below' 10 mg./IOO ml. theketon- 
iiria w'as never above 4 mg. in 24 lir. TJio results of Shipley & Long suggest that the 
renal t lireshold for Icotono bodies w'as fairl 3 ^ constantly bctw'cen 25 and 30 mg./IOO ml. 
This lias by no means been the case in the scries recorded hero. 

It is therefore obvious that with a fixed dose of a potent extract at least three 
variable factors inust bo concerned in influencing the magnitude of the ketonuria 
induced. The factors comprise the initial level, the rise of the blood ketones and the 
renal threshold. 

Onstler & Anderson [1939] found that the renal threshold for ketone bodies was 
raised after liypopliysectomy, and it w'as therefore thought possible that injections 
of pituitary extracts might low'cr the renal threshold. No conclusive evidence has 
been obtained to i^rovo or disprove this possibility, but the results in Table 1 with 
the limited number of experiments available suggest that tlie renal threshold may 
W’^ell bo low'ered by the injection of pituitary extracts. Thus in control rats and in 
rats in wdiich the blood lee tones were raised b}^ less than 5 mg./IOO ml., no appreciable 
ketonuria occurred except with a blood-ketone level of more than 15 mg./IOO ml 
On the otlier hand, in rats wdiich responded to pituitary extracts by increases in 
ketone bodies of more than 5 mg./IOO ml., significant ketonuria was observed in rats 
with blood ketones lying between 10 and 14*9 mg./IOO ml. There w^as, however, con- 
siderable variability. 

If pituitary extracts low^er the renal threshold for ketone* bodies it would be ex- 
pected that the increases in ketonuria would be rendered more uniform. This on tho 
whole is reasonably true for large doses of extract whiclr produced significant increases 
in ketonuria in all rats within a group of five. In such groups the rises in blood 
ketones were much smaller than those occurring wdth smaller doses of extract wdiich 
caused only a few rats wdthin a group of five to produce a significant increase m 
ketonuria. In the latter groups it might well be that the ketogenic effect is present 
without the renal threshold-lowering effect. Tims a large dose of extract would 
decrease the renal threshold so that the blood ketones were unable to reach such a 
high level as wlien smaller doses w'ere used, and which did not result in this lowering 
of renal threshold. 

It is agreed that the ketonaemio rgsponses although somewdiat variable are con- 
siderably less variable than the ketonuric responses, especially when the dose o 
extract injected is minimal. However, a large number of assays of ketogenic activity 
of anterior pituitary extracts liad been made before the Icetonaemic inetliod was 
used. It was intended to repeat all of these assays using tlie ketonaeniic nietho , 
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but present conditions have prevented this. It ha^ therefore been necessary to de^ 
termine some way of interpreting these ketonuric responses, particularly those in 
which only a few rats within the group produced excess ketone bodies in the urine. 
Table 2 summarizes the results obtained and shows that if any one rat within a 

Table 2. Relation between increases in blood-ketone bodies and kelonuria 


Increase in ketonaemia 
mg./ 100 ml. 

^ — » 

No. of rats 

No. of rats in 
group producing 
more than 

Average +b.t>. 

Range 

in group 

4 mg./ 24 hr. 

27*9 ±19-0 

6*7-74-7 

10 

6 

20-0 ± 6*8 

16-2-28*6 

5 

3 

18-8 ± 9-4 

6-9-40-3 

10 

8 

18-5+ 3-3 

16-2-24-6 

6 

6 

16*7 + 12-6 

l*5-37-0 

9 

2 

16-6+ 7-9 

3-&-16-6 

6 

3 

14*6+ 7'4 

3-7-25*6 

6 

2 

U-4± 7-5 

11-2-17-9 

6 

o 
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6 

0 
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5 

0 

-0-8+ 2-0 

-6-6- 2-7 

6 
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seriCxS of five produces a kctonuria of more than 4 mg. in 24 hr. following the injection 
of an extract, that extract will very probably, if not certainly, have raised the blood 
ketones by a significant amount. If no rat within the group of five excretes more 
than 4 mg. in 24 hr., then the extract may possess weak ketogenic activity as based 
on the kctonocmic method. Table 2 also shows the kctonacmic responses obtained 
in groups of rats which all produced significant increases in kctonuria. It will be 
seen that the mean increases in kctonacmia are considerably lower than those oc- 
curring in groups of rats which do not all produce such amounts of ketone bodies. 

There is another point of discrcpanc}’ between these results and those of Shiplev 
fc Ix)ng. They found that rats with an initial fasting level of blood ketones of a tout 
3 rng./lOO ml. or lower were relatively unresponsive, whereas in tliLs series such rats 
responded quite w*oll to cfiectivc doses of potent extract. 

Krtonitria 

Considerable variations in the magnitude of the kctonuria elicited by extracts of 
the anterior pituitary wore ob'^cr^'cd. This is in accord with the results of Fliiplev A: 

Previous to the publication of their results dcmon«^trating a renal 
threshold for ketone Ivodies in the rat. attempts were made in other dirrction.s to 
find the of thc*^^ tineven resjy^u^.es. 

Uat.N worn moil in considerable numlyr'rs. and it tocame necr-s.sary to suppl^rne.nt 
the supply fr\ui\ the Kinc's Pollr'ce Ho‘:pital <vd'~>ny with animals from Xhf' CAnxo 
I^nlMratorieN and fn>!n the >b^iiral l>«^'arcb ronncil farm. fupr’icf! fn>m the 
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latlci source were found (o l)o rclalivcl}’ iinrcsponsivc in that fhc ketonuria producce 
hy cxtraot^s of t iic anterior pit nit ar}' were always very inncli smaller than that pro 
(Inccd by tlio same extracts in atiimals from the otiior sources. Attempts were made 
to correlate thc.so finding.s with tlic previous diet, but altliongh the M.R.C. animnlf 
were put on supplements of protein, fat and vitamin for 2 or 3 weeks before tlu 
actual assay of ketogenio cxtract.s, the animals remained relatively unresponsive to 
the action of c.xtracts known to -be active in animals from the other two sources. 
At one time it appeared that there was a seasonal variation in the ability of the rat 
to produce ketone bodies in the urine in response to such extracts, but experience 
extoudiug over 5 years has not succeeded in proving this possibility. In view of these 
rcsulls, animals from the King’s College Hos])ital colonj' and the Glaxo Laboratories 
only have been included in the series of experiments described here. 

The kclogcinc aclivity of prolacliii and no7i-proJactin fraclions of the. 
anterior pituitari/ gland 

Both the pK .'5-.'5-solublc fraction (non-prolactin C of Young [193S6]) and the pH 5-5- 
insolublo fraction (prolactin C) were active in inducing marked ketonuria in the 
fasting rat. The former fraction was active in doses down -to 0-1 ml. ( = 25 mg. of 
fresh gland sapproximatclj" 0-2 mg. of solid material). At this dosage the average 
ketonuric response was 1 9 mg. of ketone bodies per 24 hr. 

Tho 2 >H 5‘5-insolubIc fraction was similarly active rvith a dose of 1 ml. ( = 250 mg. 
of fresh tissue s approximately 2 mg. of solid material). Insufficient pH 5-5-insoluble 
material was available for complete testing purposes, but the general impression 
gained rvas that it was active but less so than the pK 5-5-soluble fraction. 

The ketogenio activity of euglobxdin, pse^idoglobidin and albumin fractioits 
of the pH 6-5-soluble material 

In all euglobulin, pseudoglobulin and albumin fractions of six different prepara- 
tions of tho pH 5-5-soluble material were assayed, and the results are summarized 
in Fig. 1. It will readily be seen that all the fractions are active in inducing ketonuria 
in the fasting rat and that there is no preferential precipitation of the ketogenio 
factor in any of the fractions, although the variability of the responses would tend 
to mask any slight differences in the potencies of the various fractions. 

The ketogenic activity of the previo^is fractions heated at pH 10/or 15 min. 

Fig. 1 also shows the ketonuria induced in fasting rats by the euglobulin, pseudo- 
globulin and albumin fractions of the pH 5-5-soluble material after heating at pH 10 
for 15 min. In about two-thirds of the experiments the ketonuria was completely 
abolished; in the remainder, there was a residual activity which was very much less 
than that of the unheated fractions. 

A few experiments were carried out with extracts which had been allowed to stand 
for 24 hr. at room temperature. These stale extracts usuall 3 ’- showed slight diminution 
in ketogenio activity. 

The ketogenic activity of fractions prepared from sheep anterior pituitaries 
Fig. 1 further shows the ketonuria induced in fasting rats by the globulin and 
albumin fractions of saline extracts of sheep pituitaries. It will be seen that these 
fractions are as active as those prepared from saline extracts of ox pituitaries. 


Krtonurifk in mtt. kctono bodies (oa rtcotono) per rat per 24 hr. 
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Keiogenic activity of fractions 'prepared from acetonc’dried glands 

Extracts prepared from B.D.H. acetone-dried glands vdih fractionation by the 
methods described by Young [19386] were assayed and found to be weakly active 

Ox anterior pituitary fractions 

Eu^obulin fractions PseudoglohtQm fractions ATbinnin fractions^ 
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Kctogcmc actunty as dctcrmiiicd Uy inmsnrcmnxl of kcioiwania 

Ti\c rcHuh.^ of tlio assays for Icctogcnic activity of psciidoglobulin, euglobulin and 
albumin fractions of saline extracts using the method of Shipley & Long are shown 
in iMg. 2. It has not been possil)lc to assay the albumin fraction as fully as the 
others. As far as they go the results ^vould indicate that tlic albumin fraction is 
less active than tlie globulin fraction, but it must be cinpliasized that considerably 
fewer animals were used in the assay of the albumin fraction than in that of the 
other fractions. The result of the assay using ketonuria ns a criterion of ketogenic 



Fio. 2. Kotonnomin rosiilts. Ordinates: increaso in blood kotonos (ns acotono) iii mg./lOO ml. Abscissae: 
doso of extract in ml. 1 ml. of saline oxtract=0*25 g. of fresb anterior lobe; 1 ml. of fractionated ex- 
tract =0*5 g. Figxiros in brackets give tlio number of results of which the mean is recorded. Curve At 
crude saline extract of ox pituitary. Curve B, cnido saline extract of sheep pituitary. Curve C, ouglo- 
bulin fraction of saline extract of ox pituitary. Curve D, psoudoglobulin fraction of saline extract of ox 
pituitary. Curve albumin fraction of saline extract of ox pituitary. Curve F, composite curve of all 
ketonaemia results. 


potency, shows that wliile tlie albumin fraction occasionally has less action than the 
euglobulin-pseudoglobulin fractions, this is not a constant featime, and some albumin 
fractions appear even more ketogenic than the others. 

On the whole, the evidence indicates that ketogenic activity is not precipitated 
preferentially with any fraction. 

Saline extracts prepared from sheep anterior pituitaries were also assayed and 
were found to be as active as saline extracts from ox anterior pituitaries. 


DisctrssiON 

The lack of uniformity in the renal threshold for ketone bodies is a disturbing feature 
of this series of experiments, in view of the comparative regularity of this factor in 
the experiments described by Shipley & Long. TJie renal threshold-lowering effect of 
large doses of anterior-pituitary extract would certainly explain this variation m 
most cases but not in all, since in a very occasional uninjected rat a considerable 
ketonuria is observed with a relatively low level of blood ketones. The results sinU' 
marized in Table 2 merely indicate the possibility of this renal tlireshold-lowenng 
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effect, but the point cannot be regarded as proved conclusively owing to the relatively 
small number of animals with blood ketones within the necessaiy^' range. Present 
conditions have prevented further work on this matter. The striking differences in 
the ketonuria induced by pituitary extract in rats from different sources point to 
the possibility of unknowm hereditary factors playing a part in producing such 
diverse results, although the rats used in both Shipley & Long’s and this work were 
of Wistar strain. 

A renal thresholddowering effect of large doses of anterior-pituitar}^ extract would 
tend to produce a smaller increase in blood ketones and would tend to make the 
increases in the ketonuria more uniform, both of which effects have been observed 
fairly regularly. 

A further point which does not seem in the past to have been sufficiently empha- 
sized is that the rat is unusual in not developing a ketonuria after a 48 hr. fast. In 
man, the dog and the cat such a period of fasting usually results in a considerable 
ketonuria. Accordingly, results of experiments on ketosis in the rat should be inter- 
preted with great care, and should not be used to elucidate problems of ketosis in 
other species. 

There is little doubt that crude saline extracts and the crude th3To tropic fractions 
(non-prolactin C) of the anterior pituitary’’ are more active in inducing ketosis than any 
of tlic fractions derived from them by the methods described b^’ Young [1938 a, 6, c]. 
Fractionation into euglobulin, pseudoglobulin and albumin fractions appears to result 
in the kctogcnic activity being distributed fairl}’ cvenlj’ among the tliree fractions. 
If anj'thing, the euglobulin fraction was slightly’ more active than the other two 
fractions, but tin's was bj’' no means a constant observation. 

Table 3. Biological activitg of antcrior-piiuUanj extracts 
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Jftblo ll suininarizcs Mic ncf ivitic^i of t)ic v'arioas extracts wliicli have been tested 
for Ivclogciiic nativity. It will be Keen tlint t he kclogcnic activity does not appear to 
run parallel with any of (he other biological activities, altJjough, of course, this does not 
preclude the possibility" llmt kctogenic activity is merely one component of a complex 
whicli can produce (he olher biological c/Tccts [see Young, Jf).3S rtf, />, c]. If anything, 
the distribution of kctogenic activity runs parallel with the distribution of glycotropic 
activity, but tlio partial Ijcat-lnbility of the former as opposed to the heat-stability of 
the lat ter indicates tliat the tv'o factors may be quite separate. However, experiments 
in connexion wit h the assay of such crude extracts for biological activities must be 
interpreted with very great caution. Yiuis it is possible that the glycotropic factor 
or kctogenic factors are idcnticak If the kclogcnic activity" is secondary to the 
glycotropic effect and tlic methods of assay" for Icctogcnic factors arc less sensitive 
(as may well bo the ease) than methods for assay of glycotropic activity, then one 
might well ohsevve an apparent dissociation of tlie two activities. 

SUMI^IARY 

1, The relationship between ketonuria and ketonaomia in tbc fasting rat injected 
with saline or injected with extracts of anterior lobes of the pituitary lias been 
investigated. 

2. TJic findings of Shipley" & Long [103S] that iliere is a renal tlireshold for ketone 
bodies in this species has been confirmed, althougli the actual level was not found to 
be so constant ns reported by" them. 

3. It is considered possible that injections of extracts of the anterior lobe of the 
pituitary into fasting rats may" lower tlic renal threshold for ketone bodies in the rat. 

4, The ketogenic activity is distributed fairly" ev"enly" among the albumin, globulin 
and pseudoglobulin fractions of pH 5*5-soliible extracts of the anterior pituitary". 

5. The ketogenic activity" of pH 5-5-soluble fractions of saline extracts of the 
pituitary is nearly as great as the crude saline extracts from wliich they are derived. 

6, The ketogenic activity of such fractions runs parallel with the gtycotropic 
activ"ity alone, but the heat-stability" of the latter indicates that the two factors may 
be separable. 

The author wishes to express his gratitude to Dr F. G. Young for all the extracts 
of anterior pituitary" tissue described and for the data of Table 3, apart from the 
ketogenic activity. Thanks are also due to Miss M. Sandiford and Mr A. H. Dawson 
for much assistance, and to the Medical Rcsearcli Council for an expenses grant. 
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OOGENESIS AND ITS RELATION TO THE 
OESTROUS CYCLE IN THE ADULT MOUSE 

By WILLIAJkl S. BULLOUGH, From the Department of Zoology, 

University of Leeds 

(Received 12 January 1942) 

It is now evident, at least in those species which have been closel 3 ^ studied, that new 
crops of oogonia are produced cyclically by the ovaries of adult vertebrates, and that 
the old theory of the laying dovm of an irreplaceable stock of young eggs during 
embryonic life must be abandoned. In the lower vertebrates these facts have been 
accepted for some time, although there has been some mystification concerning the 
source and mode of origin of the new eggs. Wlieelcr [1924] suggested that in the dab, 
Pleuronectes lirnanda L., they were produced after each breeding season from the 
cells of the collapsed follicles, but it seems, as in the minnow, Phoxinus lacvis h. 
IBullough, 1942a], that it is the common condition for new oogonia to arise from 
the mitotic cUvisions of the cells of the germinal epithelium investing the ovar 3 ’'. In 
the warm-blooded vertebrates the fact that new eggs are produced c^’clicall^* through- 
out adult life is still not gcncrallj’’ accepted in spite of the fact that it has been 
demonstrated in one bird [Bullough & Gibbs, 1941; Bullough, 19426] and in man}* 
mammals [sec review of Swe7.3% 1933], 

The production of new oogonia in the adult vertebrate ovar}" is commonh* stated 
to l)c a rhythmic phenomenon connected with the reproductive cycle, and it appears 
pro!)al)Ic that some hormonal mechanism is the controlling factor. In animals like 
the minnow and the starling, Sturnvs vulgaris L., which usual!}' breed only once in 
the year, the production of new oogonia is also a yearly occurrence, but in poly- 
oestrous mammals, like the mouse, it takes place most actively at each oestrous period 
(Allen, 1923]. As a first step towards the elucidation of the mechanism controlling 
these rhythms, the present paper is a record of a detailed study of the mitotic activity 
of (he germinal epithelium of the mouse during the various phases of the oestrous 
oyole. 

MATr.niAL AND MKTHODS 

llm forty mice used in these experiments were of several strain'?, but all were charac- 
teri/.od by steady and regular oestrous cycles. Tlie type of mou'^e appeared to have 
httle or no cfTcct on the results obtained, and neither did tlu' fact that. j)revioti's to 
till' e\j>criments, some had l>een mated and had rcarr‘<l families uhereas otliers had 
not I he animals ucre kept in uniformly uarm conditiiui’?, wort' exp^'i^rnl to 12 hr. 
of licht ear\\ day both l>oforc and ilurin^ the exp‘rimenT«. nTid uen* giv<>n a 
diet including grain, ilog hi'^cuit, milk, c^Mldiver oil and lottme. oxjv rin.c 
wrrx' (V'rfiwmerl in the spring and summer of 19 tl. 

The vaginal snu'ar t<v’hTfu|u*^ own] dbrirvjuidi th«' pha fvf 
cycle. Mr.eaT>v iH-ing taken fioin ea^h animal dailv at Im*! IO d-, \ 
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killing. T ho sincnrs were Hlnincd in Elirlioli’n Imcmatoxylin and Pasini’s stain, which' 
wn.M found to give much more prociscj results than normal counter-stains such as 
cosin. i ho following stages of the oostrous cycle were recognized: 

(1) Pro-oestrus; only bluc-sfairjing nucleated opitlmlial cells present. 

(2) Pro-ovulation oestrus, carl}'^; some colls cornified with c^^toplasm staining 
red. Pro-ovulation oestrus, full; all cells cornified and staining bright red 
tliroughout. 

(3) Post-ovulation oestrus; cornified cells in clumps and pale pinJe in colour. 

(4) Motocstrus; Icucooytcs staining very dark l)luc among the pale pink cornified 
colls. 

(5) Diocstrus, first daj' ; first signs of blue-staining nucleated cpitlielial cells, leuco- 
cytes still more mirncrous, and traces of pale pink cornified cells usually still per- 
sisting. Diocstrus, second day; only bluo-staining nucleated epithelial cells and 
loucoc 3 des, Diocstrus, third daj"; as second day. 

With the staining method used, still further subdivision of these stages was possible, 
but this proved unnecessary for the present purposes. 

To facilitate the study of Mio waves of mitoses in the cells of the germinal epithelium, 
the colchicine technique was used to arrest the cell divisions in the metaphase. The 
method adopted was that described Allen [1037], each animal being given a 
subculanoous injection of 0-1 mg. of colchicine in 0-25 ml. of Avater 9J hr. before 
killing. The mice Avcrc anaesthetized Avith chloroform, the bodj’^ caAdtj^ thorax, and 
throat AA^ere opened, and tlio Avholo bodies Averc fixed for 2 days in Bouin’s solution. 
The ovaries wore then removed, and sections Avero cut to a tliickness of 7/i. The 
nuclei Avcrc stained Avdth Ehrlich’s haenmtoxjdin, tlio cytoplasm Avith a saturated 
aqueous solution of eosin, and the connocti\’'o tissue Avith a saturated solution of 
saffron in absolute alcohol. 

In examining the slides for mitoses of tlic germinal epithelial cells, an attempt 
Avas made to count every one of these divisions in each oA’’ary. As parts of each 
mitosis Avere usually found on two adjacent sections, the counts u^ere made only on 
every otlier section, and it is believed that verj^ few mitoses Avere missed. All the 
cell divisions wore classified at the time of counting according to theii* proximity to 
the folloAving structures. 

(1) Groups of very small primary follicles or masses of stroma and interstitial cells. 

(2) Rapidly groAAung follicles containing follicular fluid. 

(3) Developing corpora lutea not 3 ^et luteinized. 

(4) Fully developed cori:)ora lutea not more than one oestrous cycle old. 

(5) Corpora lutea more than one oestrous cycle old. 

The separation of groups 4 and 5 AA\as mainly on the basis of depth of staining Avith 
eosin. The cytoplasm of tlie older corpora lutea stained a deeper red tlian tliat of 
the younger ones. The definition of AAdiat Avas considered to constitute proximity to 
the A’'arious structures is illustrated in Fig. I. In tlic case of a follicle, the adjacent 
germinal epithelium Avas that found betAA'^een the sliortest lines draAvn at right angles 
to the surface of tlm ovary and forming tangents to the sides of the follicle. The same 
rule Avas applied to the corpora lutea, and all the remaining germinal epithelial cells, 
JiaAdng no relation to anytliing except tlie very small follicles or the ovarian stroma 
and interstitial cells, Avere included in the first group. 



OOGENESIS IN THE MOUSE 143 

The counts of mitoses in the ovaries of each group of mice were averaged, and the 
standard deviation from the mean was calculated according to the formula recom- 
mended by Simpson & Roe [1939] for use with small samples. 



Tin. 1, Section of n mouoo ovnr>' pIioimok tlm inrlho<i of dctomiinin^ the rrpion^ of pcrrninol cj»it!:clium 
luiiftccnt to l)»o various ovarian Flnicluro^. CL corpus hitcuin; cly. pcrrninal cpitiicliuin ndjnccnt to 
ror|>u«» lutcuni; pr. pcrminnl epithelium; r;/. pro^inp folhrh', p^rrmniil ejuthehurn nfljnccnl to prowinj: 
follirlA; tn. rcjnon of preate^t mitotic nrlivity in pcnnmal cpitlu'hum, p/. pnmarj* ft^Uiclc; ff. oviinan 
Ftroma; ptg. ponnmal epithelium nrljaecnt to finall prirnarj* folhch«H nml ovarian ptpomn. 


OnSKRVATIONS 

The inoti^o ovary, completely envclopctl in a connective ti'^^ne caji-nle. is covered 
by a continnou^ ponninal epitheliiini. tisnally only one c^ll thick, \vhicli ha-e<l on 
a thm eonneotive ti'^^ne layer, the tunica alhii/^inca. It fonnd that the cdK of 
the pTinittal cpitlieliutu vary eonsidorahly in jjha]>e according to the clc^rrce <d ten^'ion. 
'riuwe ^ttt‘tched acro-< large follicles or corpora lutea were n.'^ually ‘ifjnatnon--. \\h* rca< 
tho'.u covering the remainder of the tivary snrfaei^ 'am' n^irdly enhieal or cv« n 
columnar m form. ('clK iif all forms were seen t<» nndergo mito^i^. hiit divi-ion ’.ta^ 
o*'j>»'c5ally common atnong tho which wore cnhiral or cohimnar. I'l^h «e!k after 
entotmg the projiha*-*'. ‘^welled to many tiine> iK originrd %oInTne. and a! tl.o ^ irn^' 
time the cvtojda^in lo^t it's aflinity for ^!ain. l>oth pro '^’ — ^^ wir*' e.-!:ip'-te 

''hen tlif' lui t:'ph:v'‘ e wa'' rv.»ilicd. d'l*/' svNV*lh w <'<11 tlu \\ n-n'illv pr^’tto \* i *.* *' 

<*\aty •ntU*'**. atid th.o ileatm"' of tlir with !?/'• r* .rkp, 


W. K, BULLOUGII 

of (jliroinoMotiio.4, inado il- very eoiiMi)icMiotis. Allen [1023] 1ms clcscribccl how the 
two clanghlcr cells, according to I he piano at which the division takes place, form 
either oogonia, follichi cells, or now colls of the germinal epithelium. 

In each of the phases of tho oesirous cycle, one ovmry from each of four mice was 
examined in dofail. 1'ho residhs ol)fai/)od arc presented in Table I, in which the re- 
lations of the mitoses to the various ovarian vstructurcs arc also indicated, and in 
the graph (Fig. 2). In tlic {iro-oestrous jieriod tho total number of mitoses in the 
four ovaries varied between Hti and OS, and it was clearly evident that they were 
most common in tho restricted areas of tho germinal epithelium close to the rapidly 
growing follicles. They also occurred in small numbers, liowcvcr, over the whole of 
tlic rest of the germinal e[)itlicliuin, either close to the corpora lutca or with no 
relation to any structure other than very small follicles or ovarian stroma. 

'fable I. Averafje numbers of mitoses of the gcrmiiiol epithelial celts classified according 
to their proximity to various structures in the ovaries of mice killed in different 
phases of the oesirous cycle 

Mi loses 




By largo 
follicles 

By de- 
veloping 

By young 

By old 


No. 

PJjn.so of 

Unrelated 

corpora 

Jutoa 

corpora 

lutca 

corpora 

Jutea 

01 

Total ovaries 

oestrous cycle 

ar. ± CT* 

ar. ± a 

ar. ± a 

ar, ± a 

nr. + a 

nr. + <r 

n 

Pro-oostrus 

G i 

41-2+ 4-2 

— 

5*5+ 3-1 

7-5 + 4-2 

81-5+ 16-8 

4 

Oestrus : 








Pre-ovulation 

23^7 ± 4‘G 

7rr2±}2X> 

— 

4'5± 4*4 

4-0±3*0 

]12-5± 24-4 

4 

Post-ovulation a 

117-r>± 14*2 

S-7± Il-S 

497-2+ 84-2 

— , 

11-6 + 3*9 

G35-0+ 9C-2 

4 

Post-ovulation b 

192-7 + 38*3 

7-2± 8-8 

997*0± 203*7 

— 

13-2 + 2-2 1 

210-0 + 228-9 

4 

IVrotoostrus 

12-7+ 6-1 

14-7±12-2 

— 

60-2+18-1 

6-0 + 0-1 

1000+ 37-2 

4 

Diocstrus : 








First <lay 

9-7± 7-7 

4-7 ± 5-7 

— 

4*7+ 4-9 

0*7 + 1-5 

20-0 ± I9'4 

4 

Second day 

3-7 ± 2-6 

5‘5± 2-4 

— 

10-0+ 7*7 

4-0 + 2-9 

23-2± 12-3 

4 

Third day 

57± 3-1 

14-8-f 5*3 

— 

0*6+ 3-1 

3-8 + 1-9 

30-8+ 10-5 

4 

♦ ar.=: arithmetic moan of tho number of mitoses, a:=atandard doviation= / — r , whore n=niimbcr 

aJ n— 1 


of ovorios examined. 


The largest number of mitoses of tho germinal epithelial cells occurred in the 
oestrous phase, but in order to empliasizo tlic extreme shortness of tlie period of 
maximum activity, it was necessary to subdivide oestrus into pro- and post-ovidation 
periods. The pre-ovulation oestrous period had an average duration of about 36 ht-i 
and showed far fewer mitoses tlian tho post-ovulation oestrous period. However, 
more mitoses were evident tlian in pro-oestrus, and in tlie four ovaries examined tJie 
numbers varied between 03 and 149. Tlie association of most of these with the almost 
fully grown follicles was most marked. They were unusual among the squamous 
epithelial cells covering the follicles, altliough they did occur in this region, but they 
were common in a narrow circular area (marked m. in JFig. I) fmmediately sur- 
rounding the follicle. In this area the germinal epithelial cells were usuallj^ either 
cubical or columnar in form. 
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The number of mitoses rose very rapidly to a peak in the short post*ovulation 
oestrous period. This phase, stiU tj^pified by a fully comified vaginal smear, lasted 
for about 12 hr., and was further subdivided according to the appearance of the 
bufst follicle, now termed the developing corpus luteum, into two parts each of 
about 6 hr. duration. In the first of these (post-ovulation a) the follicle had only 
recently burst (Plate 1, fig. 3), the old follicle cells hung out from the surface of the 
ovary, and the follicular fluid had escaped into the periovarian space. The germinal 
epithelium, which had covered the follicle, was broken and retracted into a circular 



Approximato limo scale in days 

Flo. 2. Cmph fJiotvinp; thf> nvempjo numt>cr of in germinal epithelium of one ovary at each 

<if the vnnou*^ of tlio o^lrou*i cycle. 7*, pro-o^^tnLs; pro-ovulalion oe^tru^; Oj, po«t -ovulation 

whirh iH puhdivitled mlo two periods early and late; M, mctoe^tni.-^; Dj, first day dio^tru^; 
/>,. I'er^ond <lay dioe<^tni'^; Dj, thinl day dio^'-tnii. 

area (marked rn. in Plate I, fig, and it was in this narrow area that the inito^ce 
were ho common. Tlie total niimhcrs of mitoses in each of the four ovaric’^^ examined 
in the early -ovulation pha.'^e varied between 400 and 70fi, 

In the (M)m>e of a few hours the old follicle cclb were drawn hack into the ovary’, 
and the covering of germinal epithelial <"clU wa< reformed. For a short time follicular 
llnid cfinlinued tr^ be jirodiuvd. ami a new re>ervoir apj>eared in the f'C'utre of the 
ma^s of eclb forming the young ct>rpu> luteum (Plate 1, tig. 4). Tln^ apjx'.arance 
actvpted a*^ the criterion of the second of the two |v t-t-<»vulat‘u»n c»^>tron= pha’-O'- 
-civnlatpm fj). In thi'? short jv'riivl the greatest nnmben-' of inilo-es cd th'* 
gcTium.d c'pit India! C’dl'* were fiuind. llie extreme counts in the fie.ir ovan* > cxamir.f d 
wen' ‘.‘111 ami 14112. aiul hy far th*' greatest projvtrtion of the 
m til*' ik* f* pn^xitniiy cd tiie cleveloping C'rirjv.r.a lutc'a. Ti'n* flatte.’s- l eje!!.*!!.*.! 
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found over the whole Kiirfnco of (ho ovary, on the sides of the hilus, and in the region 
close to the hilus wlicro the germinal epilheliuin merged into part of the peritoneum. 
J he ovaries of several aniiiials killed in the post-ovulation oestrous periods contained# 
one or t wo large follicles which had failed to burst. As in the case of the follicles in 
the prc-ovulation oe.strous period, (hose )md mitosCvS associated with them, and again, 
they were almost all situated in the narrow circular zone surrounding the bulge 
caused b}’’ the follicle. 

The con!\cxion between the mitoses of tlio germinal epithelial cells and the growing 
follicles was further illustrated bj" mitosis counts on the ovaries of mice which, in 
the pre-ovulation oestrous period, had produced cither unusually small or unusually 
large numbers of follicles. These mice (nos. 13, 251 and 34 G) were not used when 
compiling 'rahio I, hut they arc included in Table 2 together Avith the more normal 

Table 2. Numbers of mitoses iri the gcrjuiual epithet non correlated mih the mimhtrs oj 
large follicles vi the omrm? of mice killed in the jyre-ovidation oestrous period. 
Each set of counts represents one omry 

Mitoses 


No. of 
rnouso 

Unrelated 

By largo 
follielcs 

By young 
corpora 
Intcn 

By old 
corpora 
lutoa 

Total 

No. of 
follicles 

13 

8 

22 

1 

1 

32 

0 

251 

14 

40 

3 

5 

62 

3 

14 

32 

08 

1 

0 

101 

4 

131 

20 

70 

3 

5 

107 

6 

12 

18 

69 

3 

3 

93 

0 

83 

30 

94 

11 

8 

149 

7 

340 

54 

137 

4 

0 

201 

11 


Table 3. N^nnbers of mitoses {71 the germinal epithelium correlated until the numbers 0 
large follicles aiid developing corjyora lutea in the ovaries of mice killed in th 
second post'ovulation oestrotis period. Each set of counts rcpi^esents one ovary 

Mitoses 

— - - j. — 

r 

By do- 

voloping By old 
No. of By largo corpora corpora 

mouse Unrelated follicles lutea lutea Total 

86 136 18 736 12 901 

262 216 11 946 16 1188 

361 203 0 1105 11 1319 

96 217 0 1201 14 1432 

mice of Table 1. Altliough mouse 12 was slightly exceptional^ a clear correlation m 
evident between the numbers of mitoses and the numbers of large follicles produced. 
Divisions were generally most common in those ovaries containing the most larg® 
follicles. A similar phenomenon was apparent in the four ovaries of mice examine 
in the second period of post-ovulation oestrus, but here the connexion was between 
the numbers of mitoses and the numbers of follicles which burst. These counts are 
included in Table 3. Each animal had produced about the same total number o 
large follicles, but they varied in the numbers of these which had succeeded m 
shedding their eggs. Animals 96 and 351, in which all seven follicles had burst. 


Largo 

follicles 


Developini 

coipora 

lutea 

4 

5 
7 
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produced the greatest numbers of mitoses, and animal 85, in wbicb of the six 
follicles had failed to burst, showed the lowest number of mitoses. A further point 
of interest was that the large unburst follicles remaining in two of these animals had 
associated with them less mitoses per follicle than those of the mice in Table 2. In 
the second post-ovulation oestrous period each unburst large follicle had an average 
of about ten mitoses close to it, whereas in the pre-ovulation oestrous period each 
large follicle had an average of about double that number of associated mitoses. 

There was also a tendency, noted in ovaries sectioned in all stages of the oestrous 
cycle, for the large grooving follicles, or later the young corpora lutea, to be situated 
towards the anterior end of the ovary and consequently the mitoses of the germinal 
epithelial cells were also commonest in this region. The posterior part of the ovary, 
close to the fallopian tube, mainly contained older corpora lutea, and the germinal 
epithelium covering it showed little activity. 

In metoestrus the young corpus luteum was fully formed, the reservoir of follicular 
fluid was usually absorbed, and the large luteinized cells showed few, if mitoses. 
In the four ovaries examined, the numbers of mitoses in the germinal epithelium 
varied considerably, the extremes being 49 and 128. Animals in early metoestrus 
had higher counts than those killed later in metoestrus, and as in both post-ovulation 
oestrous periods, the greatest number of cell divisions was in the region of the new 
corpora lutea. In the ovaries of all animals killed in metoestrus there were large 
numbers of very young oogonia immediately beneath the tunica albuginea. 

The minimum average number of mitoses in the germinal epithelium was found 
in the firsl day of diocstrus, although as in metoestrus, there was considerable varia- 
tion in the different animals between extremes of 0 and 50 divisions. The numl>cr of 
mitoses associated with the now developing crop of large new follicles was approxi- 
mately equal to that connected with the newly formed corpora lutea, and this 
circumstance persisted into the second day of diocstrus. On this day also there was 
little change in the total number of mitoses, and in the four ovaries the extreme 
co\mts were 14 and 40. On the third day of diocstrus the average total luimlxjr of 
mitoses was slightly greater, although still less than that recorded for pro-oestnis, 
and in the four ovaries examined, the counts varied between 19 and 43. These counts 
were made up largely of cell divisions occurring in the close proximity of the larger 
follicU's, and the number of mitoses connected with the young corpora lutea was 
reduced. Tlie cycle was completed with the merging of this condition into that 
alreaily described for pro-oestrus. 

niscrssioN 
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yIucU usually lla^s only one sliort breeding sea>son annually, has been given by 
IJulIoiigh [1942/;]. An exactly similar occurrence is also described [Bullough, 1942a] 
u the ease of the annually breeding minnow in which, liowcver, the post-ovulation 
)oriod of activity of the cells of the germinal epithelium is of longer duration, due 
icrhaps to the fact that very largo numbers of new oogonia arc produced. 

As the connexion between the mitotic activity of the germinal epithelial cells and 
•he ocstrous periods or breeding seaxsons is so clearly marked, so also is the connexion 
n tlio mouse between the gcrjninal epithelial mitoses and the large or recently burst 
blliclcs. Bj’^ far the greatest number of mitoses arc in regions closely adjacent to such 
blliclcs, and in those ovaries which contain fewer follicles tlian normal, or in which 
bwer follicles liave succeeded in bursting, fewer mitoses are also evident. This con- 
nexion was not stressed by Allen [1923], wlio, in fact, stated that ‘rapidlj^ giwving 
blliclcs and corpora lutca inhibit mitoses in the overlying epithelium’. His state- 
nent, however, was obviously only meant to refer to the tightly stretched squamous 
tells actually on top of the follicle, and it is confirmed here that these colls do not 
tommonly undergo division. Allen did not mention the mitoses in the ring of cubical 
pitliclial ceils immcdiatcl}" surrounding each follicle or undeveloped corpus luteum, 
^nd it now appears that the c 3 "clical nature of the production of new oogonia may 
roll be directlj^ due to the cjmlical production of large follicles and consequently of 
levcloping corpora lutca. A similar association of mitoses of the germinal epithelial 
ells and large ovarian follicles or developing corpora lutea has been mentioned by 
Jehmidt & HolTman [1941] in the case of the guinea-pig. 

Although other possibilities must also be borne in mind, the fact that the mitoses of 
he germinal epithelial cells are commonest at oestrus immediately suggests a possible 
onnexion with the female sex hormone. This suggested connexion is strengthened 
►y the observed association of the mitoses with large follicles which are full of folli- 
ular fluid rich in oestrogen. Further, when the follicle bursts, the liberated fluid, 
iow actually bathing the adjacent germinal epithelial cells, ma}^ induce these cells 
0 divide most actively a!id so to produce the very sudden and acute post-ovulation 
oak shown in the graph. As in the ferret [Robinson, 1918], the released follicular 
uid may not bo a mobile liquid but a viscous mass wliich, sticking in the immediate 
eighbourhood of the collapsed follicle, produces the results noted. Also, during the 
ost-oviilation oestrous period wlien the corpus luteum is forming, follicular fluid is 
bill being rapidly produced by the old follicle cells which liave not yet become 
itemized, and this action might be expected to reinforce any effect on mitosis 
barted by the liberated follicular fluid. It might also be argued, however, that 
uring this period the developing corpus luteum is producing some other hormone, 
erhaps even progesterone itself, which induces the observed post-ovulation mitosis 
cak, and it is also possible that tlie luteinizing liormone of the anterior pituitary 
land is involved. 

In sj)ite of all tlie evidence [see review of Allen, Hisaw & Gardner, 1930] tliat tlie 
bnormal conditions set up by injections of oestrogen into adult female mammals 
ihibit follicle growth and cause sterility, it appears most probable that in the normal 
nimal a higli local concentration of female sex hormone is in some way connected 
ith tlie mitoses of the germinal epithelial cells. It is also interesting to note that 
le only other cell divisions of oogenesis in the mouse, the meiosis and mitosis of 
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the primary and secondary oocytes, take place at exactly the same time as the 
mitosis peak in the germinal epithelium, and it is possible that they too are con- 
nected with the female sex hormone. Further experimental work on this problem 
is required, and is now in progress. 

suM]yiARy 

1. Counts were made of the total numbers of mitoses in the germinal epithelium 
of mouse ovaries in various phases of the oestrous cycle. It was found that mitotic 
activity was least in dioestrus, and that it rose slowly in pro-oestrus and pre-ovulation 
oestrus to reach a sudden high level in the short post-ovulation oestrous period. In 
metoestrus mitoses were again few, 

2. By far the greatest number of germinal epithelial mitoses was found in the 
immediate neighbourhood of large follicles or undeveloped corpora lutca, and in 
those mice which produced less follicles than normal, or in which a smaller number 
than normal succeeded in bursting, less mitoses were evident. 

3. The three divisions of oogenesis in the mouse, the mitosis of the germinal 
epithelial cell, the meiosis of the primary oocyte, and the mitosis of the secondary 
oocyte, all tend to take place in the same short post-ovulation oestrous period, and 
tlic possibility is discussed that their occurrence at this time is connected with the 
presence of high local concentrations of oestrogen. 
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THE METHOD OF GROWTH OF THE FOLLICLE 
AND CORPUS LUTEUM IN THE MOUSE OVARY 


By WILLIAM S. BULLOUGH, From the Department of Zoology , 
University of Leeds 


{Received 12 January 1942) 

A close association has been observed in the mouse ovary between tlie mitoses of 
tlie germinal epithelial cells and the large follicles or undeveloped corpora lutea, and 
the mitoses were found to be especially numerous at the times when the germinal 
epithelial cells were actually in contact with the follicular fluid [Bullough, 1942]. 
These facts have suggested the probability that the germinal epithelial cells are 
normally induced to divide by the close proximity of high local concentrations of 
follicular fluid rich in oestrogen, and it was considered possible, if this theorj’^ is 
correct, that the follicular fluid might also be a cause of division in other adjacent 
ovarian cells. In order to test this, the mitoses of the cells in the growing follicles 
and in the developing corpora lutea were closely studied. Except for the oocyte 
itself, these cells are situated nearest to the follicular fluid, and many of them are 
in direct contact with it. 

MATERIAIi AND METHODS 

The mice used in these observations were the same as those used by Bullough [1942] 
in the study of the mitoses of the germinal epitlielial cells, and for the details of 
experiment, reference may be made to that paper. It should be noted that, to obtain 
the maximum number of mitoses, the colchicine technique was used. The difficulties 
encountered by Lane & Davis [1939] in the use of this teclmique as a method for 
the study of follicle growth in rats were not experienced. 

For the purposes of the investigation the ovarian follicles were classified into the 
following types. 

(1) Small primary follicle. Slowly growing (up to about lOOp diameter) and 
laoldng follicular fluid (Plate 1, fig. 2). 

(2) Growing follicle. Rapidly enlarging (over about 175p, diameter) and with a 
single large reservoir of follicular fluid (Plate 1, fig. 2). 

(3) Fully grown follicle. About 575 p in diameter and with very thin walls 
(Plate 1, fig. 3). 

In each of these three types, many follicles of approximately equal size were 
closely examined, and all the mitoses in a hundred median sections were counted. 
The results are given as averages, together with standard deviations, of the numbers 
of mitoses present per section classified to show their relative abundance in the 
following zones (see Fig. 1). 

(1) Membrana granulosa. 

{a) Oocyte zone. In small primary follicles this included all cells inside a circle 
drawn with its centre at the centre of tl.e oocyte and with a radius twice that of 
the ooc 3 de. In the larger follicles it comprised the discus proligcriis. 
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(6) Inner zone. Only present in the larger follicles, this included all cells ■vrithin a 
line drawn through the follicle wall half-way between the inner edge, which is adjacent 
to the follicular fluid, and the outer edge, which is adjacent to the theca interna. 

(c) Outer zone. Inclutoig aU other cells. 



Fto. 1. Dia^^mmalic tlmwinp of n pmall prim*'ir 7 folliclo ivnd a Inrj^^r mpitlly proTrin:: folIH'' to phow 
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rono or proliporu*!; out.z. outor rone* of mAmbranA ro. Furfaco of ovary; f*.', 

rxtArn. 1 ; thf. thocA follirtili; th\. tliAcA intArriA. 

(2) Theca folUculi. In tho larger follicles this %vas suhclivided into: 

(n) thocn intonia; 

(^) theca extenia. 

In the sjtudy of corpu'? lutcutn development, dinicultics were enrounfored due to 
the shortness of the .ovulation ('C.^itrons pha^^, and to the rapid and radical 
changes uhich took place during thi^ p-’ri<xl in the (ir^ranir-atinn arul tnitoti^ n^’tivitv 
of the n\a<s of old follicle Cfdl.'^. It <lid not prove pra^tipaMe to make a of 
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OIISKRVATIONS 
Qrowlh of iJic follicle 

I'ho follicles surrounding oogonia and very small oocytes lacked follicular fluid, nnc 
although many of them were constairtly seen to bo \mdergoing atresia, others np 
peared to grow slowly and steadily. The mitosis counts obtained for a group of these 
primary follicles, which had walls three or four cells in thickness and an approximate 
total eliameter of SOp, are shown in Table 1. In view of the large standard deviations 
there wore not groat dilTerences between the counts in the diflerent zones. However, 
the theca contained the lowest average number of mitoses and the oocyte zone the 
largest, arid as the oocyte zone also presented the smallest area, there were clearly 
signs of a gradient of mitotic activity greatest near the oocyte and least in the theca. 

Table 1. Average mtmbers of mitoses per section in the various zones 

of the follicle wall 


Numbers of mitoses 



Folliclo 


— - Aw 

jrombrnna granulosa 

K 


Tlieca 


* 


No. 

t 

Oocyto 

Inner 

Outer 

Folliculi 

Interna 

Externa 

Typo 

Dinm.' 

n* 

nr. ± a* 

nr. + o 

ar. + (7 

ar. + CT 

ar. + a 

nr. ±'a 

1 

80/z 

100 

1-33+ M5 

— 

0-98+ 1-04 

O-GO + 0-75 

— 

— 

2 

350/1 

100 

28-41±4'01 

05-05 ±G-59 

7-SG±2-S8 

— 

4-61 + 2-13 

1-21 + 0-96 

3 


100 

31-9G + 4-63 

7-20 + 2-44 

1-5G+1-5S 

— 

1-G0±1*09 

0-61 ±0-66 


♦ nr. = arithmetic moan of the number of mitoses, <T = standnrd dovintion= / — , wlioro n = numbor 
of median sections of follicles examined. ^ 


When the jwimary oocytes reached an approximate diameter of lOOya, follicular 
fluid suddenly appeared in several places simultaneously, and immediately the follicle 
growth was' greatly accelerated. The early stages of this rapid growth phase were 
not examined in detail owing to the difficulty, when so many separate pools of 
follicular fluid were present, of separating the cells into clearly defined zones. Bach 
of the small rapidly growing follicles appeared to persist for at least one oestrous 
cycle, and large numbers of them were continually ceasing to grow, disorganizing, 
and disappearing. The next counts were therefore made on the feu'cr larger follicles 
which had passed this danger period. The follicles studied had approximate diameters 
of 350 p,, and thej’’ were found to be especiallj^ common in late dioestrus and in 
pro-oestrus. They were all undergoing extremely rapid growth, and the average 
numbers of mitoses present are shown 'in Table 1. A steep gradient of mitotic 
activity, highest near the oocjde and the follicular fluid and lowest in the theca 
externa, is immediately obvious. In relation to its size, the discus proligerus, or 
oocyte zone, shouted the greatest number of cell divisions, and the inner zone of the 
membrana granulosa, near the follicular fluid, was also extremely active (Plate 1, 
fio'. 2). IMany of the mitoses in the inner zone of the membrana granulosa, and the 
inajority of those in the outer zone,' were situated at the sides and base of the discus 
proligerus, and mitoses were uncommon in the larger area of the outer zone not 
adjacent to the discus proligerus. The theca interna showed less activity than the 
outer zone of the membrana granulosa, but the mitoses -were evenly distributed. 
Divisions of the cells of the theca externa were relatively uncommon. 


153 


GROWTH OF FOLLICLE AND CORPUS LUTEUM 

The speed of gro%vth of these large follicles slowed during the pre-ovulation oestrous 
period, and when a diameter of between 550 and 600 ft was reached, mitotic activity 
was considerably reduced. Except in the region of the discus proligerus, all layers 
of the follicle wall were thinner. The mitosis counts of the different zones of such 
follicles are shovm in the table, and it is seen, especially in the inner zone of the 
membrana granulosa, how relatively few were the cell divisions present. Only the 
cells of the discus proligerus, or oocyte zone, were more active than before, and 
almost all the mitoses recorded as present in the inner and outer zones of the mem- 
brana granulosa were in regions closely adjacent to the sides of the discus (Plate 1, 
fig. 3). The granulosa cells in these regions were often loosely separated by small 
pools of follicular fluid, and it appeared that an active secretion was taking place 
into these areas. ^litoses were rare in all parts of the membrana granulosa not in 
the close proximity of the discus proligerus, and in the inner zone near the follicular 
fluid necrotic cells were numerous. The cells of the thecae interna and externa also 
showed fewer divisions than before, but those wliich were present were evenly 
distributed. 

Growth of the corptis lulcnm 

Immediately after ovulation had taken place, the tunica albuginea and germinal 
epithelium were torn, and the cells of the old membrana granulosa protruded from 
the ovary surface [see Bullough, 1942]. Divisions were common among all the cells 
of the young corpus luteum, and an average of about thirty mitoses was to be seen 
in a single median section. After an hour or two, mitoses became rare in the centre 
of the cell mass, although they remained common among the cells which protruded 
from the ovary surface and were especially so in the extreme outer layer. The pro- 
truding cells were slowly retracted into the ovary, and about 6 hr, after ovulation 
the tunica albuginea and germinal epithelium were reformed over the 3’oung corpus 
luteum. The cells which had protruded now showed little mitotic activity, and they 
came to lie on the outside of a cell mass in the centre of which a new reservoir of 
follicular fluid was formed. As in the growing follicle, mitoses were now seen among 
the cells of an inner zone adjacent to the follicular fluid, but the mitotic activitv 
was much weaker than before ovulation. When the reservoir of follicular fluid was 
newly formed, there was an average per section of about fifteen mitoses in the inner 
zone of the wall, whereas in the outer zone there were usually only two or three 
mitoses. The numbers of divisions fell rapidly, however, and when early metocstrus 
was reached, the re.‘^crvoir of follicular fluid was in process of ab^orfUion, the old 
granulosa cell.‘< were becoming luteinized, and no mitoses were to be found an\nvhcre. 




It has been noted \>y Kngle [1931], in a de-criptinn of the development of the ovarian 
follicles of young rat.s, that the time of the first apfK-arantx' of follicular fluid mrirk^=; 
the beginning of a of rapid follicle growth. It now i^hown that tin* grnutb 

of tile youtig primary follicle in the adtdt inou-f" also pn>CH:'e(lc slowlv until, ^mhh-nlv 
'vhei\ tlie follicul.ar fluid lK';:in^ to a]>jH'ar. the gnnvth rate is frreativ a- d 
1 uTtber. in the n'^idtin^ rapidly ertcaing follif'le a trradif'nt of 
hi.jh»i' t near the folUrnl.ar tlnitl, id^'Jit thr>>ui;l.o 
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wall, and although mitoses become less numerous when the follicle is approaching 
full size, a similar gradient is still evident. 

The reason for the slackening of mitotic activity in almost fully grown follicles is 
not obvious. It is possible that the cells, becoming in some way exhausted, are 
unable to divide further, and it should bo noted that at this time some necrotic cells 
make their appearance in that part of the membrana granulosa nearest the follicular 
fluid. It is also possible that, in the later stages of follicle development, the secretion 
of follicular fluid takes place so rapidly that gi-owth by mitosis is no longer able to 
keep pace with the rate of follicle e.xpansion, and that this results in such a tension 
in the follicle wall that mitosis is slowed dovm. Mechanical stretching of the germinal 
epithelial cells is known to hinder their division [Allen, 1923J. It is only in the 
discus proligerus and the adjacent membrana granulosa that there is little or no 
tension, and in these regions mitosis continues unabated. Finally, it is also 
possible that the secondary liquor folliculi, which is probably being rapidly formed 
at this time [Robinson, 1918], is in some way connected %vith this change in the 
abundance of mitoses, or again, some combination of all of the above factors may 
bo responsible. 

In each of the tliree types of follicle examined, it was noted that the cells nearest 
to the oocyte were undergoing the most active division. Even in the small primary 
follicle mitoses were commonest among the cells of the oocyte zone, but the effect 
was greatest in the discus proligerus of the rapidly growing and fully developed 
follicles. In these larger follicles the effect is probably a further expression of the 
observed connexion betv'een mitoses and follicular fluid. The discus proligerus pro- 
jects into the reservoir of follicular fluid exposing to it a relatively great surface area, 
and further, as already noted, in the fully developed follicle it appears to be the only 
part not under tension. However, it has been observed that the mitoses in the 
remainder of the membrana granulosa are more common in regions adjacent to the 
discus proligerus than they are elsewhere, and many of these dividing cells, especially 
in the outer zone, are at a relatively great distance from the follicular fluid. The 
possibility therefore remains that the mitoses of the oocyte zone are, in some way, 
at least partly associated with the oocyte itself. 

When tension is suddenly released at ovulation, a wave of cell division occurs 
whioh affects all parts of the young corpus luteum. Tiiis activity quickly dies down, 
perhaps due to the absence of large quantities of follicular fluid inside the cell mass, 
and only the extreme outer layer of cells continues to produce numbers of mitotic 
figures. This last phenomenon is dhectly comparable noth the burst of mitotic activity 
in those germinal epithelial cells adjacent to the young corpus luteum. Bullough 
[1942] has described this as being probably due to the bathing of the germinal 
epithelial cells in the viscous follicular fluid which, extruded from the burst follicle, 
still remains in the periovarian space. As this effect dies do-wn, a fresh activity 
begins among the cells adjacent to the newly forming reservoir of tertiary follicular 

fluid. . 

It is thus apparent that the divisions of the cells of all layers of the folhcle wall, 

as well as those of the cells of the young corpus luteum, bear a clear relation to the 
close presence of liquor folliculi which is known to be rich in oestrogen. This relation 
is exactly similar to that already described by Bullough [1942] for the cells of the 
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germinal epithelium. Although experimental proof is still wanting, it appears, in 
the normal mouse, that oestrogen not only causes mitoses of the cells and growth 
of the organs of the female accessory sexual system, but that it also induces the same 
effects inside the ovary itself. Further, if this proves to be the case, it is clear that 
the ovarian cells require a far higher concentration of oestrogen in their immediate 
neighbourhood before they are induced to divide than do the cells of the accessory 
sexual organs. The present results, together with those of Bullough [1942], vdll, if 
they are confirmed, make necessary a reorientation of view concerning the endocrine 
mechanism of the ovary. 

*SXT5IMAKY 

L A description is given of the zoning of cell divisions in the grovdng follicles 
and corpora lutea of the mouse ovary, 

2. It is sho^vn that mitosis is most common in those follicle cells closest to the 
oocyte and to the reservoir of follicular fluid, and that a gradient of mitotic activity 
exists throughout the thickness of the wall \vith its lowest point in the theca externa. 

3. In the developing corpus luteum mitoses are at first most frequent in the old 
membrana granulosa cells nearest to the extruded follicular fluid, but later they 
become common among cells close to the newly formed reservoir of tertiary" follicular 
fluid, 

4. It is concluded that the oestrogen, knovTi to be present in a high concentration 
in the follicular fluid, not onl^’^ induces mitosis and growth in the accessory sexual 
organs, but also, in all probability, in the ovarian cells themselves. 


Addendum 

A further survey of the ovaries on which the present paper is based has indicated 
the probability that cells other than those of the follicle and corpus luteum are 
affected by the close presence of high concentrations of female sex liornione in the 
follicular fluid. The connective tissue cells and the cells of the ovarian stroma were 
found to pass through a cycle of mitotic activity which could be correlated with the 
cyclical growth of the follicles. Very few divisions of these cells were seen during the 
early part of diocslrus, but many were present in the ovaries of mice killed in pro- 
oestrus, when the follicles were rapidly growing, and in the pre-ovulation ocstrous 
period, when the follicles were fully developed. Further, at the time of maximum 
activity, mitoses were most frequent among cells close to largo follicles, and least 
fre(|ucnl among cells close to corpora lutoa. At all times the divisions of the con- 
nective tissue cells and the cells of the ovarian stroma were rarer than tho-e of the 
fvlls of the outer layers of the follicle wall. 
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EXPLANATION OF PLATE 1 

Fia, 2. Sections of a small primary follicle entering the transition stage and of a rapidly growing follicle 
wdth a single reservoir of liquor foliiculi* In tho larger follicle mitoses are common in the discus pro- 
ligorus and tho inner zone of tho mombrana granulosa, x 220. 

Fio. 3. Section of a fully gro\m follicle showing tho tliin wall. Tho greater part of tho mombrana 
granulosa is dov'oid of mitoses, but those are still common in tho discus proligorua and in tho zones 
closely adjacent to it. Note tho small pools of liquor foliiculi among tho colls at tho sides of tho discus 
proligorus. x 220. 

dp. discus proligorus; /, pool of follicular fluid; inn. inner zone of tho mombrana granulosa; If. reservoir 
of follicular fluid; mg. mombrana granulosa; o.l, oocyte in a small primary follicle; o.2. oocyte in a 
rapidly growing follicle; o.3. oocyte in a fully grown follicle; out. outer zone of tho merabrana granulosa; 
th. theca. 

Photomicrographs by Mr J. Manby, F.R.P.S., University of Leeds. 
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ACTIONS OF SEX HORMONES ON OESTROUS CYCLE 
AND REPRODUCTION OF THE GOLDEN HAMSTER 


By 0. PECZENIK, From the Department of Zoology ^ University of Glasgow 
[Received 19 January 1942) 

Some biological features described by Bruce & Bindle [1934] and by Deanesly [1938] 
suggest that the golden hamster might be a good subject for the study of sex hor- 
mones. For instance, the animal usually stops breeding at the very earl 3 " age of 
10 months, though it may attain an age of at least 2 years ; and there are generali^^ 
only three litters, though the period of gestation (16 days) is very short. As a rule 
the animals do not breed in the %^dnter, though according to Deancsl^" [1938] the 
oestrous cycle continues regularly throughout the Avhole year. 

A detailed account of the histology of the ovaries and secondary sex organs, during 
the oestrous cycle and pregnancy, has been given by Deanesl^^ [1938], The action of 
ocstrone and of progesterone on the vaginal mucosa in castrates has been studied b^^ 
Klein [1937], who later [1938] showed the necessity of the corpus luteum for the 
maintenance of pregnancy. 

These investigations were all carried out on animals from Professor Hindi c's stock 
descended from the litter of golden hamsters found in 1930 in the neighbourhood of 
Aleppo, Syria [Aharoni, 1932], and first bred at the Hebrew Universit 3 % Jerusalem. 
The following 3 ^car Dr S. Adler presented two pairs descended from the original litter 
to Professor Hindle, who succeeded in raising a stock of hamsters which have been 
distributed to various laboratories and form the basis of all observations in tills 
countr^^ in which these animals have been used. 

In this stock several females were found cither to have been sterile during their 
life c^’cles, or to have ceased breeding long before the age of 10 months. Certain 
features observed b^^ Hindic support the supposition that this sterilitj’, at least in 
part, might be the result of genetic factors. During the past breeding season experi- 
ments have been made on the .«cxual activation and reactivation of these .sterile 
animals by means of oestrogens, appl^’ing the findings of Stcinach, Hcinlcin k Wiesner 
(1923], Stcinach, Stahcli Griitcr [1934] and f>taheli [1933] on the ctlcct of these 
substances in rats, guinea-pigs and gov's, or b^' means of gonadotrophic extracts known 
to he active in rodents [Zondek Aschheitn, 1927; Smith Engle, 1927; Stcinach it 
Kun, 192S] and sheep [Parkes Hammond, 1940], At the outset, however, it was 
necessary' to investigate the action of various amounts of the^c honnoncs on lljc 
normal oestrous cycle, in order to avoid do^cs whicli might inliibit the rc;rnlator\‘ 
activities of the pituitary [Zondek, 1937] instead of stimulating them. This pajK-r 
contaitw the results of these last 'mentioned exjx'rimcnls as well tv^ tbo^e ij the first 
fow e.\j>orimcn(8 on activation and reactivation of sterile females. 


Mimions 

ilie cxjv'rifucnts were carric<l out during the bre<vling s/'a.-ivn (March-Ortolv-r) vitli 
animals maitUaimsl und^r th»' ^aTne t'onditions repirds and rare for 

♦onto yc:\TN jiri'vioindy. 
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At first the vaginal smears wore examined over a period of at least four oestrous 
C3»'clcs, and fertility or sterility established by mating on three occasions with potent 
males. Witii a few exceptions, indicated below, the females wovo left with the males 
for the duration of two to three oestrous cycles, but. never longer than 14 days, and 
then isolated. 

The vaginal smears were taken from the upj^er vagina by means of a platinum 
loop. A plug-like mass of cornified scales, ultimately stopping the vulva, was some- 
times found in the lower part of the vagina, and liad to be removed before tlie in- 
sertion of the platinum loop. The smears 'were fixed and stained either bj^ Leishman’s 
method or with Elirlich’s haoraatoxylin, after fixing iii methyl alcohol for at least 
an liour. Sections of the ovaries and uterus were stained with Ehrlich’s haeinatoxylin 
and eosin. TJie organs wore weighed after fixing in Bonin’s solution and transferring 
to 70% alcohol as described by Dcancsly [1935], 

Each dose of oestrogen used for injection was dissolved in 0* 1-0-2 nil. of arachis 
oil. TJie following gonadotropliic extracts were used ; chorionic gonadotropliin (Pregnyl, 
1 i.u. in 6-6pg. ; or Antroidin), a mixed liorse anterior pituitary extract (AP118B), 
and acetone-desiccated old marc anterior pituitary (OMAP), each dose being dis- 
solved in 0-2-0-4 ml. of water. The solution of APllSB and OMAP was carried out 
according to Parkes’s directions. TJie po'wder was well triturated vdth water added 
drop by drop, then dissolved by the addition of a few drops of dilute NaOH and the 
solution neutralized 'tvith dilute acetio acid. 

THE OESTROUS OYOLE 

As Deanesly has already shown, a sticky discharge, rich in epithelium, may bo 
squeezed from the vulva every 4 days, at the time of ovulation. At this stage the 
smears consist of a dense agglomeration of predominantly round or oval epithelial 
cells, which in form and size are similar to those which in tlie Chinese hamster 
[Parkes, 193 1], rat andmouse indicate pro-oestrus, and in the ferret [Hamilton & Gould, 
1940] the first stage of oestrus. Among these were also seen columnar epithelial cells, 
pale or basophil scales and sometimes isolated leucocytes. On the days these smears 
were taken, the ovaries already contained fresh corpora lutea and the uteri were 
congested and enlarged (178-231 mg.). Within about 24 hr., the smears show invasion 
by a mass of leucocytes and the scales also increase in numbers. This riclmess in 
leucocytes, which is seen immediately after oestrus, in all probability indicates 
metoestrus. However, leucocyte smears were found, not only in metoestrus, but also 
intermittently, or even continuously, in castrated liamsters, and also in those which 
had no oestrous cycle and were sterile. But whereas in tlie latter the uterus was pale 
and thin, it was congested and enlarged in liamsters during metoestrus. When 
epithelial smears were found tlie females were in lieat. This is shown by the fact 
that parturition occurred exactly 16 days after tlie day on which the last epithelial 
smear was observed, and in addition only those females wliich had been mated on 
the 2 or 3 days when an epithelial smear was seen, produced litters. Also, in the 
case of certain individuals showng epithelial smears as a result of the injection of 
200 i.u. of chorionic gonadotrophin, mating was observed even during the morning, 
although normally this only occurs during the night. 
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On the third and fourth day after the beginning of the oestrus, epithelial cells, 
leucocytes and scales decreased in numbers, and sometimes the smears showed only 
coagulated fluid and a few scales. At this stage the uterus was not congested and 
not enlarged (71-120 mg.). 

Regular observation of the vaginal smears and of the shape of the ovaries and of 
the uterus resulted in four groups being distinguished : 

Group 1. Twenty-seven animals which showed regular 4-day cycles and were 
fertile. In sixteen of these, aged between 2 and 10 months, the litters were viable 
and fertile. The litter of the 17th, a 16-months-old female, died immediately after birth. 

Group 2. Ten animals, aged 5-15 months, in which oestrus occurred at intervals 
of 2-6 days. Of these, four were younger than 10 months and bred in spite of their 
irregular cycles; two, 6 months old, were sterile. Four, 10^-16 months old, were 
sterile. 

Group 3. Tsventy-nine animals, aged 7-21 months, showing regular 4-day cycles, 
but which were ^vithout exception sterile. 

Group 4. Ten animals, aged 3J-23 months, in which oestrus never occurred, or 
only very seldom (e.g. once in 34 days), were also sterile. 

ACTION OF OESTROGENS 
Small and moderate doses 

Ten anim^ils received single injections of 1, 2 or 40 ^xg. of stilboestrol, and five of 1 or 
2/ig. of ocstradiol benzoate. All the animals belonged to groups 1 and 3 aged up to 
14 months. Among these fifteen animals, the ocstrous C3^cle vras unafTccted in two 
treated with 1 and 40 /xg. stilboestrol. In all the other indmduals, ocstrous smears 
appeared vdthin 40-48 hr. after the injection. Those injected vnth doses of 1 or 2//g. 
of either substance, showed the characteristic smears for less than 24 hr., wliilst in 
thoscr receiving a dose of 40;xg. of stilboestrol, these smears persisted for 2-5 da\\s 
(Plate 1, fig. 1). Spontaneous oestrus appeared 4-S daj-s after the end of the last 
artificially produced oestrus, and the c^xlcs continued rcgulnrl}’. 

Three more females from group 3, aged from 10 to 14 months, were mated, 
2-4 weeks after injection of 40 /ig. of stilboestrol, witli the same males that had 
failed to fertilize them before the injection. Two of them produced litters wliile the 
third rcuiained sterile. 

In four females of group 4, aged 3^-22 months, single injections of *40/ig. of stilb- 
oestrol also provoked ocstrous smears, which began, on an average, 40 hr. after the 
injection and persisted for 3 daj's. In two of these animals (aged 1 1 and 10 months) 
regular cycles were c^stablishccl 7 and 0 daj’s rcs]>octivclv after the expiry' of the 
|>eriod of provoked oestrus. IS daj's after the injection the animals were sucee^-fnllv 
mated. As regards the other two females, in the old one (22 months) tlie eflect con- 
cluded with three regular 4 -day c\'cles. while in the young one (31 months) a Fjx>n- 
(nnoous oestrus occum'd 11 days after expiry of the reaction, but <Hd not recur, 
Hoth nnituaU remained sterile. 

I ho litters provokc^l b\» the oestre^gen die<l within 2-1 days. On^ of tlie mothf^rs 
in group 4 (IP months old) was unnjectod 1 montlj .after part !irit ion. and in th^ 
lirst exjw'rimrtU, matini IS day.s .after injection vith tb.e same tr.a!''. It litt# rT'^l 
and of tlir st'vcn yv>\ii;g, one surv*ivi\l ami prv^vt'<l to ff-rd!''. 
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Large doses 

Tlirce groups each of five animals (ten from group 3, aged 8-19 months, and five 
virgin females witli regular 4-day cycles, aged 3 montlis) were injected daily with 
200 /zg. of stilboestrol, oestrone and ocstradiol benzoate, respectively, for 6 conse- 
cutive days. TJio tlirce oesirogens produced in all the animals a cliaracteristic alterna- 
tion of periods of oestrous smears vdth periods of leucocyte smears. The epithelial 
periods persisted for 1—7 days after oestradiol benzoate, I— 10 days after stilboestrol and 
2—6 days after oestrone. The leucocjdie periods lasted up to 4 days, and during this 
period tlie uterus, examined by laparotomy, was enlarged and greatly expanded. 
The phenomenon began, on an average, 40 hr. after the first injection and persisted, 
in animals injected with oestradiol benzoate for 25-20 days, with stilboestrol 
9-19 days, and with oestrone 10-12 days. 

Six animals castrated cither before or after puberty, which received 200pg. of 
oestradiol benzoate for G consecutive days gave different smears from normal females 
receiving the same dose. After 40 hr., when in all probabifity only a small quantity 
of the injected hormone had been absorbed, epithelial smears appeared. Subse- 
quently, the epithelial cells disappeared almost completely and the smears contained 
mainly slightly acidophil, basophil or pale cornified scales. These cornified smears 
alternated at irregular intervals with leucocyte smears. Shortly before the disappear- 
ance of the reaction, that is to say when the greater part of the hormone had already 
been excreted, the number of cornified scales decreased and the number of epithelial 
cells again increased. This experiment was repeated with this series of animals with 
similar results using the same dose of oestrone instead of oestradiol benzoate. 

A somewhat similar effect was observed in three additional uncastrated animals 
after injection of enormous quantities (five injections of 1-3 mg. of oestradiol ben- 
zoate). From time to time, during the peak of the oestrogenic action, smears occurred 
in wliich the cornified scales considerably exceeded the epithelial cells in number. 

Three of the original group of fifteen hamsters wliich had been injected vdth six 
doses of 200 pg. of oestrogen were killed for histological examination. In eleven out 
of the twelve survivors, spontaneous oestrus occurred as early as 3-S days after the 
last oestrous smears, and was followed by regular 4-day cycles. In only one indi- 
vidual (oestradiol benzoate, group 3, 19 months old) the oestrous cycle failed to 
return, and there was a marked progression of senile symptoms such as falling out 
of the hair, kyphosis of the lumbar vertebral column, and decrease in tonicity of the 
vulva. Nine of this group including the three virgin oestrone-treated animals, were 
mated 8-24 days after the disappearance of the oestrogenic effect. These thi'ee females 
littered; the remainder have been tivice mated but have remained sterile. 

ACTION OF GONADOTROPHIC EXTRACTS 
Effect in immature females 

The gonadotrophic effect of AP118B and of chorionic gonadotrophin in immature 
females was tested using five animals for each experiment. Dose-response curves 
could not be drawn owing to the lack of sufficient numbers of animals. 

In the 100 hr, test, AP118B was divided into tliree equal doses injected on 
3 successive days; chorionic gonadotrophin was given in a single injection [Evans 
& Simpson, 1929]. 
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Fio. 1, Vaginal smear of a non-castmtod golden hamster 68 hr. after an injection 
of 40/ig. of stilboestroL 
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In the weight test [Deanesly, 1935] both extracts were divided into equal doses 
given on 6 successive days. 

The efiect of both gonadotrophins seems to be less in immature female hamsters 
than in immature rats, and to be in a high degree dependent on the age of the 
animals. 4 mg. of AP118B, for example, brought about an increase of the ovary 
weight from 13 to 25*7 mg. in 24:-day“old hamsters weighing from 25 to 30 g., while 
in the immature rat a dose of 1-5 mg. trebles the ovary weight [Parkes, personal 
communication]. 

4 mg. of AP118B, during 100 hr. tests, produced in 24-day-old hamsters oestrous 
smears, ripe follicles and luteinization; but in those 18 days old, oestrous smears 
without ripe follicles. 

80/xg. (12 i.u.) of chorionic gonadotrophin produced oestrous smears in 24-day-old 
but not in 18-day-oId females, while a dose of 160/jtg. was effective in both groups. 
The oestrous smears began 90-96 hr. after injection and disappeared in less than 24 hr. 

If one may judge from a few preliminary experiments, females aged 30 days appear 
to react with greater sensitivity to both extracts. These animals, however, were 
already at or near puberty, since the first spontaneous oestrus, as was shown by the 
controls, may occur at as early an age as 32 days. 

Progressive application of gonadotrophic extracts produced characteristic changes 
m the vaginal smears. Five 24-day-old females received 4 mg. of AP118B daily for 
12 days; five more, of equal age, received 1320/ig. (200 i.u.) of chorionic gonado- 
trophin daily. The two extracts were given in the same relative quantities as those 
which produced approximately equal increases of the ovary weight. 96 hr. after the 
first injection, oestrous smears appeared. After 7-10 days the vaginal smears changed 
their character and then consisted of a strikingly thin, slimy fluid, and could no 
longer be fixed by Lcishman’s method. After fixing vriih methyl alcohol and staining 
with Ehrlich’s hacmatoxylin very small round cells, cell debris and scattered nuclei 
Were seen, as well as columnar epithelial cells with small nuclei. 

These columnar cells were similar in shape to mucifying epithelial cells, such as 
Deanesly found in the upper vagina of pregnant hamsters, and Klein in hamsters 
treated with oestrogen and progesterone, but I was unable to obtain any muci- 
carminc reaction. The smears contained most of these cells 9-13 days after the first 
injection. After this the secretion of the thin slimy fluid increased, while the columnar 
cells gradually diminished in size and number and seemed to disintegrate more readily. 

The production of these tj’pical vaginal smears was accompanied by another 
phenomenon. In the APllBB-injcctcd animals the clitoris became markedly con- 
gested and enlarged from 8 to 11 days after the first injection. In the animals 
tnjorted with cborionic gonadotrophin this was observed rather sooner — in one of 
them only 70 hr. after the first injection. While the h\ 7 >cracmia, the pacemaker of 
tbe hormone action ISteinach, Kun A: reevemk, 193G]. wore off in the course of the 
next few days, the enlargement of the clitoris markedly increased. 

Large of tx'^-trogen (injections of 200 /ig, of FtiU>oe?trol on 5 ftmees-ivc days), 

"hirli are knom\ to j^rodtioo va^rKlilatation of many vascular rerion*;, liken i*'* 
dur<Ml hyj>en\fnna anti enlargement of tlie clitoris in immature animal*. The rnlrirge* 
nwnt na-*, htn\evor, evidcrUly le*<, lv>th ir^ decree .and in duration, than th^\ follov. inr 
riir injVvtion of gonnf!i»troj>hir e\tr.\ct>. In the sp 'n.tan^'ou*' <.*e-tru«< of .a»lu!t 
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the clitoris was not significantly congested or enlarged. In the API 1 SB-injected 
animals the ovaries contained ripe follicles, massive corpora lutea and luteinized 
follicles j the uteri showed a slight but clear luteal phase. In the ovaries of the 
animals treated with chorionic gonadotrophin the follicles were striking!}^ small. 
Several follicles and the greater part of the stroma were luteinized. 

Effect in adult females 

Effect of moderate doses 

Five animals from groups 1 and 3 each received single injections of 8 or 24 i.u. of 
chorionic gonadotrophin; another live from the same groups, daily injections of 
2 mg. of AP118B on 3 successive days. Oestrus occurred on the average 64 hr. 
after either the single injection of chorionic gonadotrophin, or the first of the three 
injections of AP118B, and lasted up to 4 days independent!}^ of the stage of the 
oestrous cycle. This is earlier than the start of oestrus in immature hamsters which 
usually takes 96 hr. In the animals treated with chorionic gonadotrophin the regular 
oestrous cycle ^vas resumed 4—8 days after the cessation of the provoked oestrus; in 
those treated with AP118B the cycle was resumed as early as 4-5 days after the 
last injection. 

Six further animals from group 3, of which four had received 20-24 i.u. and two 
200 i.u. of chorionic gonadotrophin, in single injections, were mated after the onset 
of provoked oestrus. Three of them (tw^o aged 7 months, the third 22 months) became 
pregnant. The other three, i.e. two 11 -months-old hamsters injected with 200 i.u., 
and one T-months-old female with the smaller dose, remained sterile. 

Four animals from group 4 were mated after single injections of chorionic gonado- 
trophin (16-24 i.ii.). In three of them mating took place after the onset of provoked 
oestrus. In the fourth, a 4-day cycle was recorded after the provoked oestrus had 
ceased, and it was mated during spontaneous oestrus. The last, as well as its two 
sisters, all aged 7 months, produced litters, but the fourth, aged 24 months, remained 
sterile. 

In a fifth animal from this group (7 months), oestrous cycles lasting 4-6 days 
developed after injection of 24 i.u. of chorionic gonadotrophin. 19 days after this 
injection a further injection of 10 i.u. was given and the animal was successfully 
mated 1 1 days later. 

While the activated females under 10 months old from groups 3 and 4 produced 
up to three litters each, which survived and proved fertile, the old activf^ted female 
from group 3 littered only once, and her young died wthin the first 4 days after birth. 

In the four activated females from group 4, regular oestrous cycles were recorded 
throughout the breeding season, apart from the anoestrus caused by pregnancy and 
lactation. The fifth animal, however, which had remained sterile, exhibited onty 
a single oestrous cycle, and its ovaries were found to contain large cystic follicles. 

Effect of large doses 

One group of five adult animals received injections of 200 i.u. of chorionic gonado- 
trophin on 6 consecutive days, and another similar group 4 mg. of AP118B on 
10 consecutive days. As early as 3-5 days later, shortly after the onset of provoked 
oestrus, columnar-cell smears appeared. In one of the former group these smears 
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even appeared without the previous occurrence of oestrous smears. Columnar cells 
were especially numerous and well formed in the earliest smears (Plate 1, fig. 2) while, 
subsequently, as in immature animals, they rapidly decreased in number, size and 
state of preservation with the increase of mucous secretion. Among them were seen 
isolated, larger, plate-like epithelial cells, also small cells of the oestrous epithelial 
type. The latter decreased within the first week in the animals injected vnth. chorionic 
gonadotrophin, hut in the AP118B -treated animals, not appreciably before the 
second week after the first injection. 

In five more females, which had been injected daily with 5 mg. of O^IAP on 
10 consecutive days, the columnar cells first appeared 4—7 days after the first in- 
jection. The oestrous epithelium did not seem to decrease regularly, as in the animals 
which had received the other extracts, but to vary irregularly or to show an actual 
increase after a short period of decrease. 


Effect of succession of moderate doses 

Even smaller quantities of anterior pituitary principle, when sufficiently spread 
over a period of time, appear to produce columnar- cell smears. These w’cre also seen 
in three animals to which a total dose of 10 mg. of AP118B had been given, spread 
over 5 days. A single injection of 10 mg. of AP118B, however, or five injections of 
1 mg. did produce oestrous smears but no columnar-cell smears. Among three further 
animals (two from group 3, aged 4 and 11 months; one from group 4, aged 22 months) 
which had received daily injections of 2 mg. of O^IAP on 6 successive days only one 
showed columnar-cell smears. The other two showed only oestrous smears lasting 
for 4 days. 

None of tbe animals receiving moderate amounts of anterior pituitary gonadotrophin 
showed any lasting disturbance of the oestrous cycles. 4—7 days (15 days in only one 
case) after the last columnar-cell smears or oestrous smears, spontaneous oestrus in 
regular cycles was re-established. 

Of the animals, on the other hand, w’hich, in the course of 5 or 10 day’s had 
received relatively large quantities of gonadotrophin, the hamsters receiving chorionic 
gonadotrophin behaved dilTcrcntly^ from those wdiich had received anterior pituitary 
liornionc. In the first case spontaneous oestrus recurred 4-0 days after ccs.sation of 
the reaction and was followed by^ regular oaslrous cy’clcs: in the second, no oestrous 
cycle reappeared. With the exception of two individuals which showed oestrus once 
and three times resjx?clivcly during 2 months, all remained completely’ anoe^trous 
and showed continuous or irregularly’ periodic leucocy’te smears. 

forms similar to the cells show-n in Plate 1, fig. 2 were often found pliortlv l)efore 
the beginning of oestrus, botli in phy’siological oestrus and in that provoked by 
gonadotrophin. Except in the case of two individuals, however, tlicy’ were not found 
in .animals whoso oestrus had l)con caused by’ oestrogens. Tlicy wore, on the otli^r 
hand, found in pregnant animals, especially in the second week of prognnncv. 

I heir occurrence in right non-castnitc<l animals from group 3 (r»^l4 months old), 
nhich liad rt'mved six daily’ injections of 0*25 nr 0*40 mg. of progcr^tenme on 0 sue* 
ivs^ivc days, is in agreement with this oh-'^rvation. In lliis cxp»erimrnt, the tvpiral 
Muran- .atqv'anxi, on an aYera;:v\ 4 days after iV.e injection. As carlv 1 


on an average, a.»«»r the iiqcrtion, came to an end whh an o^tm 
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lasting 2-3 clays. Tliis oestrus was never obtained in castrated animals treated in 
the same way and, therefore, cannot bo the result of an oestrogenic effect of the 
progepterono. 

DISCUSSION 

TJio lesults show certain peculiar features in wliich the golden lianister, in its reaction 
towards sox liormoncs, differs not only from other species but also from other rodents. 
In the first place mention must be made of tlie marlccd difference wliich exists between 
the actions of the same dose of oestrogen on normal and castrated females. In the 
former, the oestrogen produces a vaginal smear substantially the same as tliat shown 
in pliysiological oestrus; it resembles tlio vaginal smears given by rats and mice, 
both in pro-oestrus and, exceptionally, in motocstriis, and by ferrets [Hamilton & 
Gould, 1940] at the beginning of oestrus. 

In castrates, the oestrous smears tj^pical of liamsters were found only at the be- 
ginning and near the end of tlio reaction; the smears produced at the height of 
absorption w^ero substantially the same as oestrous smears in rats and mice. 

Klein, in castrated liamsters, found that very small amounts of oestrogen produced 
proliferation of the mucosa of the upper vagina and only sliglitly larger doses pro- 
duced cornification. A comparison of our results with those of Klein shows that the 
dose of oestrogen which produces cornification in castrates produces vaginal smears 
in non-castrates corresponding to the condition of the mucosa produced in castrates 
by Wo of this dosage. 

This result permits of various interpretations : either the oestrogens are very much 
weakened in their action in non-castrates ; or the vaginal mucosa of the non-castrates 
is less sensitive ; or the absorption of oestrogens proceeds much more slowly than in 
castrates. 

The last assumption would agree with our present knowledge of the relation be- 
tween the rate of absorption and the action of liormones [Deanesly, 1939]. Against 
this is the fact that the quickly absorbed oestrone produced smears identical with 
those of the slowly absorbed oestradiol ester. Comparative estimations of the ab- 
sorption of oestrogen tablets [Deanesly & Parkes, 1938] in castrated and non-castrated 
liamsters, respectively, may contribute to the clarification of this question. 

Periodic changes in the vaginal smears, due to oestrogens, seem to be more readily 
produced in golden liamsters tlian in other rodents. Kun [1935] sometimes found 
them in castrated rats which had received 8600 m.u. of oestrone benzoate, distributed 
in twenty-four daily doses. Emmens [1939] observed them after implantation of 
oestrone crystals and with injections of esterified, but not of free, stilboestrol. I have 
not observed this phenomenon in rats witli eitlier stilboestrol or oestradiol benzoate. 

Zuckerman [1938] observed ‘artificial oestrous cycles’ in castrated rats during 
prolonged treatment with small quantities of oestrone, but only within a very limited 
range of dosage. Zuckerroan’s experiments make it very probable that the adrenal 
cortex produces cyclical changes in the sensitivity of the rat to oestrogenic stimula- 
tion, and suggest that oestrus itself may be weakened at the time when leucocyte 
smears appear. Against the latter assumption stand recent experiments of Bourne 
& Zuckerman [194:1] and the above-mentioned experiments of Kun [1935], which 
showed that the heat of oestrogen-treated rats continues undiminished even during 
the periods of leucocyte smear. 
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The typical vaginal smear which appeared after prolonged application of gonado- 
trophic extracts (Plate 1, fig. 2) constitutes an additional feature in which the golden 
hamster differs from other rodents, and which appears to be characteristic of the 
species. The fact that this vaginal smear w^as produced by progesterone and also 
found in pregnant animals shows that it indicates the luteal phase of the vaginal 
mucosa. The enlargement of the clitoris, seen in immature hamsters which had pro- 
longed gonadotrophin treatment, also agrees vdth this view. Steinach & Kun [1931] 
have observed a similar action of extracts of corpus luteum or of pregnancy urine, 
on the clitoris of the guinea-pig, and recognized it as the masculinizing effect of the 
corpus luteum. 

The columnar cells found in the smears are, in aU probability, analogous to the 
mucifying cells found in the vaginal wall of mice and rats treated continuous!}^ with 
gonadotrophic extracts, and have been described as denoting ‘the second ovarian 
phase’ [Marshall & Wiesner, 1932]. 

It was not to be expected that, in this respect, substantial differences would be 
found between chorionic gonadotrophin, vdth its predominantly luteinizing action, 
and the anterior pituitary hormone of horses, which is also strongly follicle-stimu- 
lating. The experiments were carried out on non-h 3 "pophysectomized animals, whose 
own pituitaries exert an interfering influence [Rowlands, 1938 a, b \ Deanesly, 1939]. 

G. H. Bell [personal communication] has found that progesterone docs not cause 
any definite luteal phase in the uteri of castrated hamsters ‘prepared’ with ocstro- 
gens. My own results, however, indicated a well-defined luteal phase in the vagina 
after treatment with progesterone in non-castrated animals, from which the inference 
may be dravm that the vaginal mucosa is more sensitive in its reaction to progesterone 
[Klein, 1037] than the endometrium. 

In connexion with Bell’s interesting results, it should once more be stated that 
anterior pituitar}’’ extract (AP118B) id produce a slight but distinct luteal phase 
m the uteri of immature hamsters. The difference between Bell’s result obtained with 
synthetic corpus luteum hormone and the described result obtained with APIISB 
may be explained b}’ the following observation of Ivlcin [1938], This worker was 
able to maintain pregnancy in castrated hamsters by simultaneous administration 
of ocslronc and progesterone, which is probably analogous in effect with the twofold 
action of the anterior pituitary gonadotrophin. 

Remarkably enough, large quantities both of chorionic gonadotrophin distributed 
over several days and of oestrogens, did not result in any enduring dhturbance of 
the ocslrous cycle, while anterior pituitary produced continuous anoestrus. However, 
it is to be noted that the injections of APllSB and of OMAP were stop]>ed in the 
midtllc of September and yet, by the middle of October, contrary' to exj>ectation, 
the majority of the hamsters had become anocstrous. 

As described, it has been pos-iblo to establish two forms of dbturbance of the .*>cx 
futiclion m a ivlativcly large i>>rcentage of ham-^tors: a sterile group characterir-d 

by aTUH'stnis and a second group. ii\ which the aiiimab were sterile in spite of regula- 
tM'<troim cycles. 


Hie attomptn arlneve activation at'.d in tw o ‘’vc-* 

Jnvo fnr Ind this rr-u!:. tJi.V. it i< i:: j.rirui;,!.- p-.-i!.!,.. },v n ^i!;::^ i:.;!-,:/.'.., 
:n<v!cr.\t<' ntn.v.itit- uf j;.'n.i<lotrx>j'!iic » vtr.>rt, vr of tu | hr t..- n- . r 
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less regular oestrous cycles in the anoestrous group and to induce fertility in both 
groups. These results also show that in this respect stilboestrol has the same effect 
os oestradiol. 

It was to be expected that in group 3 (sterile animals with regular oestrus) since 
the follicle-stimulating factor of the hypophysis was not affected, therefore sterility 
would bo influenced by chorionic gonadotrophin alone. It should be noted, however, 
that the latter extract was effective also in group 4 (anoestrous animals) in which it 
caused oestrous cycles and pregnancy. It is probable that in this case the animaFs 
o^vn pituitary interfered, causing follicle stimulation as a reaction to the luteinizing 
effect of the chorionic gonadotrophin. However, it is possible that the positive results 
would have been more numerous, especially in group 4, if anterior pituitary hormone 
or a combination of both gonadotrophins [Pincus, 1939; Parkes, 1940] had been used. 

Further exJ)oriraonts on this question are in progress, and also as to whether 
oestradiol is more active than stilboestrol. 

Another problem is the possibility of preventing the early death of the hormonally 
induced litters of the senile females. It is possible that better results might be ob- 
tained if the optimum interval between injection and mating [Hammond, 1941] 
could be determined. As one of the experiments suggests, repetition of the injection 
at long intervals might also prove helpful. 

StrmtARY 

Experiments were carried out during their breeding season with a stock of golden 
hamsters {CriceUis miraixis) in which a significant percentage of sterility had been 
recorded. 

Oestrus, metoestrus and dioestrus could be distingxiished by means of vaginal 
smears, the results being checked by records of the shape of the ovaries and uterus, 
the periods of heat-, and also by the action of oestrogens and gonadotrophic extracts. 
In non-castrated animals a typical vaginal smear indicating oestrus was produced 
both by gonadotrophins and by oestrogens. In castrated individuals, on the other 
hand, although oestrogens produced an oestrous smear at the beginning of the reac- 
tion, this type of smear only lasted for some hours, and then changed to a cornified 
smear. 

Moderate or large doses of gonadotrophins spread over several days caused the 
production of a typical vaginal smear, which was also found in pregnant hamsters and 
those treated with progesterone. 

A series of injections of anterior pituitary gonadotrophin was followed by inhibition 
of the oestrous cycle and this inhibition continued indefinitely. Large doses of oestro- 
gens did not produce any lasting inhibition of the cycle but seemed to cause sterility. 

Single injections of a moderate dose of stilboestrol, or of chorionic gonadotrophin, 
induced pregnancy in eleven out of eighteen sterile females. When these females 
were less than 10 months old, they each produced two or three viable and fertile 
litters; when above this age, each produced only a single litter, and none of the 
young lived for more than a few days. 

I am very grateful to Professor E. Hindle for his continued interest and helpful 
assistance. 
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My best thanks are due to Dr A. S. Parkes for ample supplies of AP118B and 
also invaluable data on its activity in rats; to Dr G. H. Bell for O^IAP; to Dr A. N. 
Macbeth, Organon Laboratories, for Pregnyl, oestrone and oestradiol benzoate; to 
Parke, Davis & Co. for Antroidin; and to British Drug Houses, Ltd., for stilboestrol. 
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OESTROGENS AND PRO-OESTROGENS RELATED TO 
STILBENE AND TRIPHENYLETHYLENE 

By C. W. EMMENS, From the National Institute for Medical Research, London, N. W. 3 

(Received 17 February 1942) 

It has recently been shown [Emniens, 1941, 1942] that oestrogens may be divided 
into two classes— those which act directly or with changes that can be effected locally, 
and for which it is suggested the title oestrogen be retained, and those which apparently 
need to pass into the general circulation before exhibiting oestrogenic properties, the 
pro -oestrogens. Oestrogen will, in this communication, refer to the former class. 

Two methods arc so far available for distinguishing oestrogens from pro-oestrogens. 
By the first method [Emmons, 1941], the systemic-local ratio (S/L ratio) is deter- 
mined. This is the ratio between the median effective dose needed in an Allen-Doisy 
test with spayed mice, when the substance is given subcutaneousljf in oil, and the 
median effective dose needed by direct application in 50% water-glycerol to the 
vaginal canal. For oestrogens the ratio is 50 or more ; for pro-oestrogens it approxi- 
mates to unity. The second method involves the use of spayed mice in which the 
vagina has been cut into two separate sacs, each with its own opening [Robson & 
Adler, 1940; Emmens, 1942]. A compound introduced into one of these sacs will, if 
^iven in an effective but not excessive dose, stimulate cornification of the sac into 
.vhich it was introduced, and may or ma}”^ not cause cornification in the second 
vaginal sac. If it causes both vaginal sacs to cornify, it is a pro-oestrogen. If it does 
lot cause cornification in the second sac, it is an oestrogen, and has acted locally 
.vithout entering the circulation in effective amounts. 

In the first communication dealiiig nith this subject [Emmens, 1941] it was shown 
}hat, of the synthetic compounds examined, diethylstilboestrol, ^-diethylstilboestrol, 
ind stilboestrols with longer chains than those of two carbon atoms, diethylstilboestrol 
limetliyl ether, rac-hexoestrol and ??!C5o-hexoestroI, 4:4'-dihydroxy-y:5-diphenyl- 
?:8-hexadiene, 3:3';4:4'-tetrahydroxy-y:S-diphen3d-7?-he.\-ane, l-ethy]- 2 -(p-h 3 'droxy- 
ihenyl)-6-hydroxy- 1 :2:3:4-tetrah3’’dronaphthalene, and triphen 3 dchloroethylene are 
)estrogens ; many other synthetic compounds such as triphen 3 deth 3 dene and a-cthyl- 
tilboestrol are pro-oestrogens. With the exception of triphenylchloroeth 3 dene and 
i-dietliylstilboestrol, the oestrogens are apparently closel 3 '^ related structurally and 
patially both to one another and to naturally occurring oestrogens. The anomalous 
)ehaviour of triphenylchloroethylene has led to the investigation of compounds 
elated to it and of compounds which bridge the gap between triphenylethylcnc and 
,nd stilboestrols. Other substances related to the series will also be nicluded in this 
lommunication. 

TECHNIQUE 

!/L ratios were determined, as already described [Emniens, 1941] on colonies of 
payed albino mice, using thirty or more mice per determination. In some cases, 
odium taurocholate was added to the glycerol suspensions, in order to keep them 
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homogeneous. Control tests showed that sodium taurocholate produces no vaginal 
reactions in concentrations up to 10 mg./ml., and it was used together with the test 
substances at 1 mg./ml. 

RESULTS 

Effect of side chains in stilboestrol compounds 

A series of stilboestrol compounds is shown in Table 1 , and includes many of those 
originally reported on by Dodds, Golbefg, Lawson & Robinson [1939] (stilboestrol 
-4 : 4'-dihydroxystilbene). From this table it will be seen that no stilboestrol com- 
pound which does not possess tAvo side chains, each as long or longer than those in 
diethylstilboestrol, is an oestrogen. When the intravaginal doses are compared tlicre 
is, therefore, a very sharp rise in potency as we pass from mcthyl-ethyl-stilboestrol, 
a pro-oestrogen, to diethylstilboestrol. As the side chains lengthen, potency falls, 
but the S/L ratio remains high. In compounds with only one side chain, however, 
ca low S/L ratio is found, and lengthening of the single chain does not alter the 
potency very much. 

Table 1. The effect of the side chains on the S/L ratio of derivatives of 
4:4r' -dihj/drozystilbene 
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at the 3:3' positions also give rise to great potency loss as compared with the 4:4 
compound, and the compound is a pro-oestrogen. Linnell & Sharma [1940] have als( 
shown tliat 3-liydroxydieUiylstilbene, 3:3'- and 3:4'-dihydroxydiethylsti]bene an 
considerably less potent tlian dietliylstilbocstrol, and these compounds are probablj 
pro-ocstrogens, although tliej’’ have not been tested. 

Table 2. 2'Jic effect of hydroxyl groups on the activity and SjL ratio 

of syyithctic oesirogens 

Median ofTcctiv'o doso in /ig, 
whon given 


Substance 

Subcutaneously 

Intravaginally 

S/L ratio 

4“Hydroxy-a;)3-diotliylstnbonQ 

20 

30 

0*6 

4;4'-Dihydroxy-a;^-diothyIsti]bono 

0*12 

0-00037 

320 

2:2'-Dihydroxy-a:j5-diothyIstilbono 

320 

165 

2*0 

4:4'-Dihydroxy-y:S*diphonyl./3;S-hoxadiono 

0*10 

0*00058 

170 

3:3'-Dilwdroxy.y:S-diphonyl-j5:8-lioxndiono 

300 

220 

1*4 

4:4^Diliydroxy-y:5-diphonyI.rj-hoxflno (niwo) 

0*10 

0-0009 

180 

3:3';4:4'-Totrnhydroxy-y;5-diphonyI-n-boxano 

12-5 

0*2 

63 

4:4'-a:j9‘Totrahydroxy-diothyl-dibonzyl 

30 

60 

0*6 


The effect of additional liydroxyl groups, investigated in the hexane series, depends 
on their position. A fiirtJier pair of hydroxyls lias been added to hexoestrol (4:4'- 
dihydroxy-y:S-diphenyl-?t-hexane) in the 3:3' or a:jS positions. Addition in the 3:3' 
positions lowers potency, but the compound still has a high S/L ratio. Addition in 
the a:/5 positions abolishes the high S/L ratio as well as considerably reducing potency. 

It thus appears that a compound of the stilboestrol-hexoestrol group which does 
not have the 4:4'-dihydroxy configuration is a pro-oestrogen, but that additional 
hydroxyls may or may not affect the S/L ratio. 

Effect of substituents on the activity of iriphenylethylene 

Various compounds which may be regarded as linking triphenylethylene and tri- 
phenylchloroethylene vnth diethylstilboestrol are listed in Table 3. The high S/L 
ratio of triphenylchloroetliylene has again been checked, the best estimate now 
available being a ratio of 86. The substitution of an ethyl group or of hydroxyl 
groups for chlorine does not give a high-ratio compound, unless both are present in 
the same molecule. 

The compound a-(p-hydroxyphenyl)-^-ethyl-stiIbene has a high S/L ratio, and 
a-phenyl-jS-ethyl-stilboestrol is very potent intravaginally, with a ratio of 1400. This 
high ratio, of the same order as that for oestriol (2000), is not affected by the number 
of subcutaneous injections given, since the percentages of positive responses obtained 
when 0-6ftg. of the compound was given by two and four injections were 20 and 10% 
respectively. In this respect it differs from oestriol, which gives a much greater 
percentage response on increasing the number of injections from two to four [Emmens, 
1939]. 

Since an ethyl group does not effectively replace chlorine in triphenylchloroetliylene, 
the substitution of chlorine for the ethyls of diethylstilboestrol was thought worth 
trying. Tiie comparison was actually carried out with 4:4'-dimethoxy-a:^-diet}iyl- 
stilbene end 4:4'-dimethoxy-a:j8-dichlorostilbene. The former is an oestrogen with an 
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Median effective dose in /ig. 
'when given 





/?4 

Subcutaneously 

Int rava ginally 

S/L ratio 

H 

H 

H 

a 

77 

0*89 

86 

H 

H 

H 

H 

300 

>200 

<1'5 

H 

H 

H 

C,H, 

12 

*4-4 

2'7 

H 

H 

OH 

H 

20 

44 

0'45 

OH 

H 

OH 

H 

8*0 

20 

0*40 

OH 

OH 

H 

H 

15 

10 

1-6 

H 

H 

OH 


7-7 

0015 

510 

OH 

OH 

H 

C,H, 

0-90 

000065 

1400 

Diothylstilboostrol 


012 

000037 

320 


S/L ratio of 400, S^xg. giving 50% of positive responses by injection, whereas the 
latter is a pro-oestrogen with an S/L ratio of unity, 340 pg. giving 50% of positive 
responses by cither route. The properties of triphen3'lchloroethylene arc therefore 
not due to an ability of the chlorine atom to replace an ethyl group, although a phenyl 
group can do so with little loss of potency (cf. a-phenyl-^-ethyl-stilboestrol). The 
high S/L ratio of a-(;)-h3'(lrox3"phen3’l)-^-ethyl-stilbcnc demonstrates that in a tri- 
phcnjdic compound, although sccmingl}’ not in a diphcindic one, a single p-h^'drox}'! 
group nia}" confer true oestrogenic activit\\ 


DISCUSSION' 

It Ims been supposed that the high potencies of diclh\*lstilboestrol (trans), hexocslrol 
and 4:4'-di!i3'drox\"-y:8-(liphcnyl'^:S-hcxadicnc depend on a close structural rosom- 
Idancc to ocstradiol [cf. Dodds c/ nL 1030]. It lias for some time been a dinicult\' that 
fro7if-dih\*dr(>x\*hcxah3*drochr3*scnc (Dodds r/ al. 1030] is relatively inactive (M.r..r).' 
~200;ig.), and tliat »//-dicth\dstiIboostroI (n>), which catmot resemble ocstradiol in 
spatial structure (PI. 1, figs. I, 2). is liighK’ active. It was also found [Lmmens, 1041) 
that in<^-^o-hc\<ic';trol is a potent oestrogen and that rardiexoestrol 

ixdativoly weak — s-0/igd. an.l the supjx>-itinn that high jvdeiuy accom- 

panies a ejo'-c n'seinhlance to the natural oestrogens and vice ver-a i- diflicuU to 
maintain, siiuv models iT all forms of hexoestrol can Is? rqualiv wtdl mad** to 
like oestradi(d (PI. I, 3, 4). Tlie furtlier di-caver\’ that all (»f th.e ah »vr 
«lil)\'dro\y)ic\uhydro('hr\>ene have Iiigh S L ratios ^ho^^s tliat the a<"tivit\' th.c 
latt^T is ililh rent in kind, 0 *^ veil as in <lcgre<\ for it i**‘ a jiro-o**- 

I he oe-trv>gens s<'k tar cmsnintcred hee,v(‘vrr. to fall in!*'* a to that 

they ail jvv^ ,,r may 1 h* t«» (^»py tie* p!e narithn tv nu -!' -.i-, C <lhtV.vh 
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)tilbocstrol and tri2)lion3dcl)lorocthylono, to cite two of the less obviotis examples, 
iiaj^ take tl)c forms shown in PI. 1, fig. 2 and in Fig. 5, in wliich tlic phenanthrene 
nicleus is 2 )rcscnt in skeleton, as in the accepted way of sliowing dieth)^]stilboestrol 
PI. 1, fig, 1), In addition to liaving tlie plienantlircno nucleus, all oestrogens so far 
examined jiossess at least one other ring of five or six carbon atoms, or maj'’ be arranged 
ipatinll}’* so as to copy compounds with such additional rings. True oestrogenic 
bctivity then appears to bo conferred by a variet 3 '' of additional factors, outstanding 
imong which are Jij^drox^d groups and tlieir jiositions. Another point to be noticed 
s that fiat or nearly’' fiat models may be made of all higli ratio compounds, since it 
ppears tliat tlio natural oestrogens take as fiat a form as iiossiblo. 



Fio. S. Triphonj'ichloroothylono, showing phonnntbrono-Iiko structure. 

The ability of a single chlorine atom to change the pro-oestrogen triplienylethylenc 
ito a more j^otent, although bj^ no means Inghly potent, oestrogen is remarkable, 
'lie mode of action of triplicnylchloroetliylenc in causing vaginal cornification nia}^ 
e different from that of other oestrogens, but there is no reason to suppose so at 
le moment. Its jirolonged action [cf. Eobson, Schdnborg & Fahim, 103SJ, peculiar 
►r a free compound, seems to bo related merely to its insolubility in body fluids, 
id it shows no prolongation of action when given intravaginally. Compared with 
le majority of oestrogens it is V'^eak, but the lowness of its activitj^ is paralleled by 
L-n-butylstilboestrol, and probably outclassed b3^ members of tlie stilboestrol series 
ith longer chains. Substances containing clilorine togetlier witli hydroxy] groups 
•e difficult to make, but a series containing such groups, based on triplienylchloro- 
liylene, is clearly needed for investigation. 

SUMMARY 

1. A series of oestrogens and pro-oestrogens related to stilbene and triplienyl- 
hylene has been examined. Compounds wliich exhibit true oestrogenic activity, 
that they produce cornification of the vagina when injected into it in much smaller 
>ses than are needed subcutaneously, need not necessarily possess a structure which 
iscly resembles that of the natural oestrogens. They appear to have in common 
phenanthrene or plienanthrene-Iike structure, but this similarity may not hold 
yond the limited number of compounds examined. 

2. Compounds of the stilboestrol series are pro-oestrogens unless tlie 3 ’' havo 
'droxyl groups in the 4:4' positions, and two side chains, each of two or more carbon 
ims. Additional ]iydrox 3 d groups ma3’' or may not affect the classification of a 
mpound, according to their position. 
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3. Compounds of the triphenylethylene series exhibiting true oestrogenic activity 
arc described, which possess no hydroxyl groups (triphen^dchloroethylene), only one 
hydroxyl group {a-(p-hydroxyphenyl)-j3'ethyl-stilbene), or two h^^droxyl groups 
(a-phenyl-^-ethyl-stilboestrol). 

The new compounds mentioned in this communication were generously supplied 
by Professor E. C. Dodds and ^Ir W. Lawson. They form part of a series of sub- 
stances synthesized either at the Courtauld Institute of Biochemistry or at the 
Dyson Perrins Laboratory, Oxford, mider Sir Robert Robinson. 
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THE DIFFERENTIATION OF OESTROGENS FROM 
PRO-OESTROGENS BY THE USE OF SPAYED MICE 
POSSESSING TWO SEPARATE VAGINAL SACS 

J^Y C. W. ISMMENS, From the. Natiojial Institute for Medical Research^ London^ N.W, 3 

(Received 17 February 1912) 

Robson & Adler [1040] liavc demonstrated tliat ocstradiol, dietliylstilboestrol and 
oestriol glucuronide can act locally “without absorption into the general circulation. 
Tliis they did by an ingenious t<3chniquc, using spayed mice in which the vagina had 
been separated into two distinct pouches, a blind sac formed from the lower vagina, 
with the normal opening, and an upper vaginal sac with a suprapubic opening. When 
the oestrogens were given into the lumen of the upper vagina, tliis sac alone re- 
sponded, wliilc the lower vagina ^vas not significantly affected. Even as much as 
0*2/ig. of dicth^dstilbocstrol placed in the upper vagina failed to affect the lower 
vagina. 

It has now been shown tliat oestrogens are of two kinds. The true oestrogens are 
those which produce vaginal cornification in minute doses Avhen given intravagiiiall}", 
relative to the amounts needed bj’' subcutaneous injection, whereas other oestrogenic 
compounds, the pro-oestrogens, must be given into the vagina in approximate!}^ as 
large a dose as the subcutaneous one, to produce equivalent effects [Emniens, 1941, 
1942]. TJie low local activity of tlie pro-oestrogens is explicable by the h3^pothesis 
that they are inert oestrogenically, and must bo absorbed into the general circulation, 
wdiere they give rise to oestrogenic metabolites. It must further be supposed that 
oestrogens, in contrast to pro-oestrogens, are not distributed throughout tlic body 
when given intravaginally in any but very large doses. 

The ratio of the median effective dose of a compound when given subcutaneously 
to that needed intravaginally is the S/L ratio (systemic/local ratio) ; it is high for the 
oestrogens, averaging about 300, and approximates unity for the pro-oestrogens. 

It so happened that Robson & Adler only used compounds with a high S/L ratio. 
Had they chanced to test a pro-oestrogen, they should have obtained apparently 
contradictory results, since theii* technique is a second method of distinguisliing 
between the two classes of compounds, if the hypothesis outlined above is correct. 
For it clearly does not matter where a pro-oestrogen is injected into the body (unless 
into an organ which merely retains or destroys it), if it needs to circulate systeniically 
before it can be metabolized to an oestrogen; and having so circulated, it will affect 
responsive tissue all over the body. 

The hypothesis founded on the S/L ratios was accordingly put to the test by 
Robson & Adler’s method, with the expectation that pro-oestrogens, unlike oestro- 
gens, would cause both vaginal sacs to react although given into only one of them. 

TECHNIQUE 

A small colony of spayed albino mice, each vdth two vaginae, was made by Robson 
& Adler’s [1040] method. Only mice vdth well-formed vaginal sacs of reasonably 
uniform size were retained for experimental purposes, and used in groups of 5-10 mice 
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per dose. The upper vaginae held injected fluids better than the lower ones, and were 
therefore chosen as the site for local application. 

Tests were made by a two-injection technique, one injection being given on each 
of two consecutive days, and smears were taken with a fine metal spatula on the 
third and fourth days. Substances to be tested intravaginalJy were dissolved or 
suspended in 50% water-glycerol and injected in a volume of 0-01 ml. This amount 
was not always fully retained, but leakage never seemed serious, and did not spread 
as far as the lower vaginal opening, the only danger entailed. For the purposes of 
these tests, it does not matter if the actual dose absorbed is rather less than that 
supposed, as the critical comparisons arc made within groups of animals, and not 
between them, as in the usual tests. In some cases, homogeneous suspension of the 
active material was greatly facilitated by the addition of small amounts of sodium 
taurocholate [Emmens, 1042]. Subcutaneous injections were made vnth nut-oil solu- 
tions, the test method being othervnse as before. 

Robson & Adler iLScd a scale of responses by which various degrees of vaginal 
reaction short of full comification arc assessed. In the present tests, as is the practice 
in these laboratories, vaginal smears were scored only as positive or negative. A posi- 
tive smear contains no leucocytes, and shows comified or nucleated epithelial cells, 
ustially the former. However, since some further measure of the degree of stimulation 
occurring in the lower vaginal sac seemed advisable, when full responses were not 
elicited therein, a note was made of smears showing subinaximal levels of response. 
\Vc do not find such levels easy to assess, and would hesitate to place much reliance 
on any interpretation based upon them tmlcss large groups were employed and 
followed during dioe.strus as well as during periods of assumed stimulation. 


RESULTS 

The results arc shown in Table 1. Tiicy are in full agreement with the hypothesis 
tested, and with Robson k .\dlcr’s findings. The oestrogens, ocstronc, dicthylstil- 
l)oestrol and triplienylchlorocthylcnc, caused no comification in the lower vagina 
even when given in relatively large doses; indeed, there was practically no rcsp<^)nse 
in tin* lower vaginae when 200 times the median cficctive dose of ocstronc (0*0003 /in.) 
wa^ placed in (lie tip|>er vaginal sac. One mouse alone showed some degree of eornifi- 
«-ation, with many hmcocytes. dose of 0-2/ig. of ocstronc cau-cd cnrnifjcation in 
one lower vagina; this d(»se is approxiinatelv 700 times the mc<lian eflective doro, 
and wiMild, if injt‘ete<l s\ibcntane(ni‘=;ly. have produced a pn*df>minanee of er)rniried 
smears (see below). 0-2 /ig. of dietbyKtilboe>tr<d earned praetieally no re.-jvni'-e in 
tlie lower vagina, as Rob'^on A .\dler found, ahliough the same aTuount would have 
\jrodmx^d i\lnu>'-t loo^‘^ of pt><itive n'actions by sYstomic injection. 

All of the pro oc’.trogiuis te-ted prodm^d comification of the loner vagina, in 
addUion to ca\i-it\g it in the npj».T vagina, aiul when given in minima! dow.. In 
thirl y-<dg)it rnitn' whicli e\hihited Odl (s-jnnflration in tlic upjv^r varina, lvi*ntv thrY-*^* 
‘lioucd oornilicatitm ttf the lto\<'r vaema and the remaiinh r sho\\( d rnanv o rrnJjod 
uhi!»' of the twenty !ui\s« !imI n -peidin;: fully in tie* upT^ r v.ijin i. tlir**’* 
shou<‘d c 'rnilieati.i:; of iha' lower v.ncic.a. Tla* jn tla* tv.-.o v.i.:i;rd - 1 - w .-r*' 

thuN tN.firlatr-i. and •‘Tiican' frova the nnt'' r * 'i' x\4 r-' r:.* *>• -‘O, ^ t; 


fr\uu t!;e lower ^ac. altV.ou;rh th.e ditT< w.v 
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J ablc 1. Diffcrcnhal aclion of oc^lrogcns and pro-oeslrogens on spayed mice 
with two vaginal sacs, when given into the upper vagina 

No. of positive 
responses 



Poso 

No. of 

Upper 

Lower 

Substance 


mico 

vagina 

vagina 

ucstrogens 

Oostrono 

0-0005 

6 

3 

0 


0-001 

6 

4 

0 


0-004 

10 

9 

0 


0-00 

6 

6 

0 


0-2 

5 

6 

1 

Diothylstilboostrol 

0-002 

6 

4 

0 


0-02 

4 

4 

0 


0-2 

6 

6 

0 

Triplionylchlorootliylono 

2-0 

6 

o 

0 


5-0 

10 

8 

0 

Pro-oestrogens 

a-Phonyl-stilboostrol 

16 

6 

1 

1 


30 

10 

3 

2 


100 

10 

8 

8 

9:10-Dihyclroxy-9:10*di.7] -propyl-9; lO-dihydro- 

40 

10 

8 

3 

1 :2:5:6-dibonznnthrncono 

100 

6 

6 

6 

a-Ethyl- triphony lo thy lono 

10 

5 

2 

0 


30 

6 

4 

2 

a-(4-Hydroxy-phonyl).8tilbono 

60 

10 

4 

2 

a-Mothyl-j5-othyl-stilboostrol 

2 

6 

3 

3 

present criteria of response are applied, the two vaginal 

sacs do not 

differ much in 


sensitivity, as thirty -two mice injected subcutaneously with 0*1 ^g. of oestrone 
showed eighteen positive responses in tlie lower vagina and sixteen in the upper 
vagina. 

DISCUSSION 

These tests have taken us a step forward in confirmation of the hypothesis relating 
to pro-oestrogens. They demonstrate tliat the pro-oestrogens are in fact absorbed 
into the general circulation, and that cornification of the vaginal sac into which they 
are directly introduced takes place only with the same level of dosage at which such 
general absorption and action at a distance is demonstrable. The tests fall short of 
proving that it is metabolic products of pro-oestrogens which cause vaginal reactions; 
but they add to the strong presumption that such is the case. There is, however, an 
instance on record in which the conversion appears to have occurred. Stroud [1940] 
showed that when diphenylhexadiene was injected into female rabbits, a trace of 
a very highly active phenol, presumed to be 4:4'-dihydroxy-y;S-diphenyl-^:S-hexa- 
diene, was recovered from the urine, in an amount equivalent to 20 r.u. (rat units). 
The latter is an oestrogen, and the former is practically certainly a pro-oestrogen, 
although it has not been tested. 

The total activity of diphenylhexadiene can be accounted for by Stroud’s findings, 
on the basis of the conversion of a very small part of it to dihydroxydiphenyl- 
hexadiene. When lie injected rabbits with the latter [Stroud, 1039] he recovered 
7«2 % of it in the urine. If the 20 r.u. of oestrogenic activity found in the urine of 
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rabbits injected with diphenylhexadiene are due to dihydroxydiphenylhexadiene, 
it may be supposed that this amount also represents only some 7-2 % of the amount 
of the phenol actually formed in the body, which would be 278 r.u. The rat unit of 
diphenylhexadiene is 10 mg., and 3 g. of it were injected, or 300 r.u. 

In no other case did Stroud find a high S/L ratio compound in the urine, but he 
found large quantities of pro-oestrogens, in amounts representing 3-25% of the 
parent compound injected. It is not improbable that traces of highly active oestrogens 
may have been present, but masked in the tests by the relatively huge quantities of 
other phenolic products. Stroud did not test these urines for oestrogenic activity, 
so no check on the possible presence of such traces is available. The amount of one 
of the highly potent oestrogens that need have been formed to account for the 
activity of the parent substances, when these are measurably active, or of the 
phenolic pro-oestrogens also formed from them, is minute. Thus, stilbene, vith 1 r.u. 
per 25 mg., needs to give only a 0*004% yield of a highly active metabolite such 
ns dicthylstilboestrol to account for its apparent activity. It is not surprising, there- 
fore, that in the presence of other phenols in large amounts, no oestrogens were 
isolated or suspected to be present, and the data at present available are consistent 
with their having been formed. It remains to be shown that an oestrogen is in fact 
regularly formed in small amounts when any pro-oestrogen Ls injected, and if tests 
directed to this end prove successful, the complete hypothesis wall have been sub- 
stantiated. 

SUMMARY 

1 . The supposition that pro-ocstrogens arc compounds which are metabolized in 
the body and form oestrogens receives support from the fact that, in spa^’cd mice 
possessing Uvo separate vaginal sacs, they stimulate comifi cation in both sacs \vhcn 
given in only minimal cficctivc doses into one of them. Oestrogens, on the other 
hand, can act locally witliout causing reactions in the second vaginal sac, even when 
given in many times the minimal cfTcctivc dose. 

2, A case in which the convcrsi 9 n of a pro-oestrogen to an oestrogen has verv 
probably been demonstrated is discussed [cf. Stroud. 1040]. In this instance, the 
oestrogenic activity of diphenylhexadiene can be accounted for by its conversion 
in very small amounts to 4:4' -dihydro x 3 ’- 7 :B-diphcnyl-j 8 ;d-bcxadjcne. 

The synthetic comj>oiinds listed in the table were generously provided bv Professor 
K. C. Dodds and Mr \V. E*vwson. Tlicy form part of a series cd sule'-tanc-cs svnthoM 7 e<l 
either at the Conrtauld Institute of Uiocheini-trv or at the Dy.-on Perrin^ Laboratoiw. 
(Ixford, under Sir Robert 1101 ) 111 *^ 00 . 
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FURTHER EXPERIMENTS ON LACTATION 
IN THYROIDECTOMIZED RATS; THE 
ROLE OF THE PARATHYROIDS 


By S. J. FOLLEY, HELEN M. SCOTT WATSON, From the Naiioiial histiixitc 
for Research in Dairying, University of Reading 

AND E. C. AMOROSO, From the Department of Histology and Embryology, 

Royal V etermary College 

{Received 6 March 1942) 

Despile Die unquestioned galnctopoicsis evolccd in cows by tliyroxine or dried thyroid 
gland [see Folley, 1940, for review] there is little unanimity about the effect of 
thyroidectomy on lactation [see Folley, 193S], As regards the rat in particular there 
is a clear divergence of oi)inion on this point. Nelson & Tobin [1937] found that their 
rats weaned normal litters after tJ]3Toidectomy performed during pregnancy. Folley 
[1938], on the other hand, shov^cd that thjwoidectomy carried out earl3^ in lactation 
resulted in a prompt reduction in the growth of the pups, onl3^ a small proportion of 
which lived to be weaned and then 01113^ because the death of the majority of the 3’^onng 
reduced the demands on the depleted milk supply. Nelson [I939J subsequentlj^ 
reaffirmed his original findings, though ho now reported a slight retardation of the 
growth of litters of rats thyroidectomized during the cuirent lactation. Results which 
may be considered as intermediate between those of Nelson and Folley have been 
reported by Preheim [1940], wJio observed subnormal growth of the young of mothers 
th3a'oidectomized before mating, but only to the extent of about 12%. 

In view of the clear discrepancy between the findings in Nelson’s iaboratoiy and 
in our own, we have, as oj^portunity from time to time occurred, carried out further 
experiments on this question over the last three 5’'ears and now present further 
evidence to show that in the strain of rat used by us, thyroidectom3^ an operation 
which also involves the removal of, to say the least, a considerable amount of the 
parathyroid tissue, causes very serious impairment of lactation. Px'evious attempts at 
replacement therapy in parturient, thyroidectomized rats failed [Folley, 1938J. Partial 
success has been achieved in tlie present series of experiments which appear to give 
a clue to the cause of the discrepancy between our findings and those of Nelson. 

EXPERIMENTAL 
Experimental animals 

The rats were stock females from the colony of hooded Norway rats maintained for 
nutritional studies in this Institute b3^ Dr S. K. Kon. Them diet was described 
previously [Folley, 1938]. As before, lactational performance was judged by the 
growth and survival rates of litters, unfortunately the onty method which is at 
present available in small animals. To ensure the selection for experiment of only 
those does in which it was certain that lactation was successfully established, the 
operation was performed on the sixth post-partum day throughout. The number of 
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pups was reduced to eight at birth vdih as nearly equal sex distribution as possible; 
Bometimes it was necessary to use rats with Utters of six or seven, but only in two 
exceptional cases were rats with smaller litters included. Data pertaining to does 
which died after the operation were not considered. 

The groups throughout were smaller than desirable. This was due to the fact that 
of the limited number of does which from time to time could be made available for 
this work, a considerable proportion was eliminated by various factors, such as 
failure to mate, failure to lactate and operative mortality. The second of these factors 
was at times quite important. 


Technique of thyroidectomy 

Parathyroid tissue embedded in the th^Toid must unavoidablj' be removed with 
Hie latter, but since no attempt was made to find and remove all the existing para- 
thjToid tissue the operation is here referred to simply as th 3 T'oidectomy. 

Since th^Toidectom}^ in the rat is a more difficult operation to perfonn satisfactorily^ 
than most of the rather casual references to it in the literature would lead one to 
believe, a detailed description of some points of our technique may be of interest. 
In the earlier scries, as in the previous work [FoUey*, 1938], the operation was done in 
a good light with the naked cyx, but later a Leitz binocular magnifier giving a magnifi- 
cation of 3'5 X was used and this wc now consider essential. For removing the gland 
we used an iridectomy knife and a pair of forceps the points of which were 
ground fine under the magnifier. With the head of the rat towards the operator, the 
two lobes of the thyToid were removed in tum, beginning in each case in the middle 
of the isthmus. Each lobe was carefully dissected from the trachea, working from the 
caudal end towards I lie pedicle at its cranial end. It is necessary’ to dissect the tliy’roid 
tissue very carefully’ from tlic recurrent lary’ngcal nerv'c ^v^th which it is closely’ 
a^'jociated, avoiding injury* to the ncr\’e; otherwise respiratory complications and 
death will eventually’ ensue. 

Owing to the vascularity of the thyToid, haemostasis is imporlaiU, particularly 
siuoo ]>rnfuse hlceding would probably adversely’ affect lactation. Tlie bleeding which 
occurs d\iring the stripping of the thy’roid from the tmclica can ]>c controlled by’ 
suahhirig with small jiads of col ton-wool. Haemorrhage from the inferior thy’roid 
vcsvcK is rarciv troublesome and can he controlled by’ ]>res5urc from a cotton-wool 
swab held in the foroep'^. When the gland is severed at the ])e<lic]e there is u^-uallv, 
even wIuMi tlie pedicle is first crushe<l in the ja\^s <if curved dental forceps, a gush 
of hlofnl fnuu the superior thyrviid which. \\\ the initial series (»f cx]>^‘riments, 

uav <‘<iutn>lle<l by parking with colt<tn-\\ oo! swalw. In later series, IkToh,^ final ) v 
c\ri'>ujg the gland, a small htdidog clip, tiie {>oint^ uhic-li hrul l>ec*n groutul fine 
under I lie tnagtiificr. wa'- applied to tlie jx^diclc. If the l>^»int^ w ere' nH»i*'tene<! l>cfort? 
appheatem tliert' was u^'Uallv no hk^dini; uljen tlie rlij» tak^^ n off. I>v thi^ ii'.f iri*- 
u pn ^\\y\v to n*nio\r thf‘ thyinitl with nlativtlv littk- hrc Tnorrlriire. 


In all hut th.n l.i'^t, '.VNrrtiji* given iiitr.\j»'’rit^»!U' illy (1 ml. solution 

|*rr g ) hdjy u*^**^! as an ana» In th»'* la*-*, ^^'ri*'" thi-' 

hr\f{ t** I*** h’*k>\\) 

In f vi-!' ik-k' f.-r tl-t' ^ ^ nf *h(. oj*' ici. .’id 'trr ;' in 




ei a. <*• -u-li a j;;*- 


< f t V. » r.*. %' -T if.-'* d 
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wore removed nnd examined in serial sections for fragments of tlie thyroid and 
jjarathyroids. TJiesc animals included the experimental series in Table 1 thyroid- 
cctomi7,cd during AjU’il 1941 nnd also tlio majority of those in tlie series Or-g, in 
Table 3. In the serial sections varying amounts of regenerating thj’xoid tissue were 
found in Sn-3 % (2C) of cases, while in 13*7 % (4) no thyroid fragments were found in 
the sections examined. But, ns the latter serial sections were in all cases incomplete, 
wo are unable, even in these rats, to state with certainty that thyroidectomy was 
complete. In general, the regenerating follicles gave distinct evidence of liypertrophy 
nnd Jiypcrj)lnsin, but vniformity of structure nnd functional activity was not, how- 
ever, o.xclusivel}’^ met with. This was e.spccially the case in those- animals in which 
pieces of th 3 Toid wore, inimcdiatel}’^ after removal, implanted under the kidney 
cn])sulc (see below). In these, th 3 'roid fragments were found, but there was no 
significant attempt at regeneration, and it is possible that the implants rendered 
regeneration to some e.xtcnt unnecessar 3 '. The occurrence in our experimental series 
of so high a percentage of incompletel 3 ' tli3Toidoctomized animals indicates clearly the 
didiciiUy of completely ablating the gland nnd emphasizes the need for careful 
histological search for fragments of the th 3 Toid and parath 3 Toids Avhicli ma 3 '^ be 
present, for even minute fragments may have definite physiological effects when 
augmented b 3 ’^ the administration of preparations of these glands. 

In the same sections, accessory pnratbyroids were encountered in 17-2 % (5) of the 
cases examined. There is thus a suggested tendency in our series of rats for the occur- 
rence of accessory i)arath 3 ’^roids, but it is clear that no final conclusions are possible at 
present with regard to the presence of these accessor 3 ’^ glands, since the upper portion 
of tlie thymus with which the parathyroid anlagen are so cIoscl 3 '^ related was not 
examined. 

Hormone preparations 

The parathyroid extract used throughout Avas Messrs Eli Lilly and Co.’s ‘Para- 
thor-mone’. Tin’s preparation is standardized in the units of Collip & Clark [1926]. 

Pure th 3 n’oxine-sodium Avas brought into solution in the usual AA"a 3 ’’ and the con- 
centration adjusted so that the daily dose aa'Ss alAA'a 3 ^s contained in 1 ml. of solution. 

Lactation in thyroidectomized rats 

Data are available for thirteen rats Avhich AA^ere th 3 'Toidectomized on the sixth da 3 ' 
of lactation and received no post-operative treatment. These thirteen rats comprise 
groups AAdiich at various times AA^ere controls to groups receiving replacement therapy. 
The number of pups in each litter and their mean Aveights on days 6, 1C and 21 are 
given in Table 1. Data for the sixteenth day are given in this and Table 3 in addition 
to those for the tAventy -first day (Aveaning) because from about the sixteenth day 
onAvard the pups are able to eat the mothers’ food and their groAA'th is not due to 
mothers’ milk alone. The Avcight at 16 days is thus perhaps a better indication of 
lactational performance than the Aveaning AA'cight, though the latter is often m- 
formatiAm too. The results in Table 1 clearly shoAv that in our rats thyroidectomy 
performed during lactation immediately caused an almost, but not quite, complete 
cessation of milk secretion unless one makes the unlikely assumption that the 
operation causes the secretion of a deleterious substance in the milk or a change m 
its composition of sucli a nature as to impair its nutritive value. 
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Table 1. Survival and mean weights of litters of rats tliyroideciomized on the 
sixth day of lactation 


Jso. of pups on day Mean wt. of 

of lactation pups (g.) on 

^ ^ day of lactation 


No. of 

Experimental 

6 


10 


21 



. — * 

1 

Condition of doe 

rat 

series 

6 

o 

6 

— \ 

o 

o 

— » 

o 

T 

G 

16 

21 

after operation 

7,230 

Nov. 1938 

3 

5 

3 

5 

3 

6 

13'5 

141 

14-9 

— 

7.C05 

Nov. 1938 

6 

1 

0 

0 

0 

0 

14-4 

— 

■ — 

— 

7,234 

Nov. 1938 

5 

3 

3 

2 

0 

0 

11-6 

11-6 

— 

— 

8,016 

Mar. 1939 

4 

4 

0 

1 

0 

0 

11*0 

9-0 

— 

— 

7,939 

Mar. 1939 

‘2 

4 

0 

0 

0 

0 

11«7 

— 

— 

Poor. Wheexy 

8,581 

Sept. 1939 

4 

4 

4 

3 

3 

2 

12-3 

13-C 

12-4 

— 

8,030 

Sept. 1939 

5 

3 

3 

1 

2 

0 

13-3 

14-8 

18-5 

— 

8,677 

Sept. 1939 

4 

4 

1 

2 

0 

0 

13*0 

12-0 

— 

Abdomen swollen on 
sev’cnteenth 

U,5G1 

April 1941 

4 

4 

0 

0 

0 

0 

10*3 

— 


— 

11,374 

April 1941 

4 

4 

0 

0 

0 

0 

13-4 

— 

— 

IVlieezy 

11,244* 

April 1941 

4 

3 

4 

1 

3 

1 

10-7 

13-6 

lG-3 

— 

11,335 

April 1941 

6 

3 

0 

0 

0 

0 

IM 

— 

— 

— 

11,412 

April 1941 

4 

3 

1 

0 

0 

0 

11*0 

— 

— 

— 


Mean weights of litters of a tj'pical group of intact docs from this colony are as follows: sixth da\% 
12 g.; pixteenth day, 32 g.; twenty-first day, 44 g. 

• Animal in which accessory parathjToids were found. 


Table 2 gives data relating to twelve rats which were re -mated after having under- 
gone thyroidectomy on the sixth day of their second or third successful lactation. 
Many of them, after the operation, received treatment ‘with thyTOxinc -sodium or dried 
thyroid gland combined with low doses of parathyToid extract (1 unit daily) and in 
three cases prolactin as well. These attempts at replacement therapy’ were unsuccess- 
ful. As before [Folley^ 1038], no difficulty’ was experienced in re-mating thvroid- 
cclomized females, but since Nelson & Tobin [1037] and Follcy’ [1038] had noted 
that such docs tend to show sy’mptoms of tetany’ just before parturition, they’ were 
given subcutaneous injections of 1 unit of parathy'roid hormone and 0-25 mg. of 
thyroxine-sodium on four occasions at intervals of 4 days l^eginning about a week 
after mating. The results in Table 2 show tliat in no case did one of these docs even 
begin to rear a litter, though in some cases milk was expressible from the nipples. 
It will bo noted (hat in six cases parturition was somewhat delayed, confinning the 
pn'vious observations of Policy’ [103S] and Prehcini [lOJO]. 


Kxpcrivicnf-^ irith niitopIn^Hc thyroid grnft^ 

Itdioy 1 1 1138] had prcvioudy re|>orted failure to maintain lactation after thynud- 
ectomy by treat metu with thyroxine and ]»anithyroid extract. The maximum do-. 
U'-rd of ilu* latter ^\as 1 unit of paratliyn)id hormone everv 4 da vs, vhicli, sinc'e th^ 
rats s!iow(‘d Tio symptoms of tetany after thyn)i(h‘Ctruny dtirim: l:\ctati<'!\ an<l 
the t<’tany e\!iil>it<‘d by thvniideelomired rats ju-t before ]>arturi!ion \\:\< all^ viat'-^i 
by n sinvh* injcrtimi of 1 unit, con^'iderx'd adeonat#* to put ri:;iit if tb* 

-<ijHTati\ e lartationa] failure v ere dm* to paratbynud d^ ’.lc if n^v. Otb< j nn-u. - 
bil att*Mnpts at rx'pbuetnent therapy with a varh ty of tn attn* !)!*■ in tb*- r.it: b 

stagps of this .M fie- of e\ j>erimrnts have* n brivtly m» nti ue-i al^Vr o:A w;]] :;«*! 1^ 
*h*' . 1 1 furthe r. 
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In view of the uniformly negative results vre thought it of interest to attempt 
replacement therapy with thyroid autotransplants in order to determine whether or 
not the post-operative decline in lactation was due to some unknovm non-endocrine 
factor. 

Six rats were used for this experiment. They were th^Toidectoraized as usual on the 
sixth day of lactation, and immediately after removal a piece of the excised tlnToid 
was implanted under the capsule of one of the Iddneys. Tsvo of the rats died w ithin a 
day or so of the operation; the other four recovered and three of them weaned litters, 
but the fourth lost all her pups on the ninth day of lactation. The usual data relating 
to the litters of this group are given in 
Table 3 , section a , and the mean growth 
curve of the combined litters of the 
four rats which survived is plotted in 
Fig. 1. It will be seen that after an 
initial period of about 3 days during 
which the grafts were doubtless becom- 
ing established the litters grew steadil3\ 

The upward trend of the curve cannot 
be Considered as being accentuated by 
the death of seven pups between the 
eighth and ninth days since these pups 
comprised the entire litter of one rat 
and the average litter size remained 
prac^lieally unchanged by their death. 

Owij\g (o shortage of experimental 
animals at tl\c time this experiment 
was done, a rat with a litter of only 
four was included in this group (sec 
Table 3). It might be held that this 
would tend to give an unduly favour- 
able rate of growth, but against tbi< 
it may bo noted tlmt the average litter 
si'/e was (>-73 before the litter of seven 
died and after, 0-00. These results 
th(*ivfore suggest ti\at the lactational 
cohvny after thyrxndertomy is due to the removal or di^'torhanec of endocrine factor-. 
*rhc (Im^e rats wliieli weaned pnp< were aut<^]»‘'ied at tlie eml of e\]>“riinent and 
hoetmns cut of the tr;\eheas and of the grafts. The bh>el> fnnn t»ne of tb** rat- 
wt’iv unfortunately h^t ; ex^amination ofserlionv the graft in tlie otle-r Xwn 
ur tive thvrxnd and parathynud tis'^ne. 



Flo. 1, Mr:\Ti ^nnslU r.\lo of lao-rs of four T,\ts 
ootomirrHl on tlir* tiny of Inrtation nn*! in tvhl'-h 

jijVv-o-i of ttjvmiJ ix:)- 

jilt\nl<xi iK'noatti ttio kidiK-y 

l^\^t ot>^r\ntinr\ Uiynn l^totny. Th- nnrnVT^ 

nt>ovo tlif" furvi' in'l;rntr 

failure con^btently observed in ral-^ from this 


in //.yroc^r/^iciirr*// ni.N /rorV'/ tritli hiyK c' 

The intaet rat h> TxdatiMdy re*^ist:\nt to tb<' of piratb' r:.:.| c\tr.c !- 

1 homo on v\ (Vdlip. I Aj^-Timenlv woiv tin rtTor>' c*!Ti'.d otit irj v bndj *.*••>■* !, 

bu'bc: daily <bi'-cv of ]* \rA*byu»’d <-\tr:o't wtrv :vbni’ii‘'.er" 1 after 
tl'AU linl K'- n pu \i et-K tnevl 


w en 




Table 3 . Survival and mean weights of litters of rats thyroidectomized on the sixth day of lactation 

and thereafter receiving replacement therapy 

No. of pups on day of lactation 
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AniinnU in wliich noco-^iory pnrnthyroitls woro found. 



186 


S. J. FOLLEY, H. M. SCOTT WATSON AND E. C. AMOROSO 

In ilic first experiment witli high daily doses of parathyroid extract (Table 3, 
section c) a trial was made of the effect of 10 units administered daily from the sixtii 
to the twentieth days of lactation in addition to 0*2 mg. of tliyroxino-sodium daily. 
Tlic mean growth curve of the litters of this group is given in Fig. 2. Controls were 
not available, but since this was an orientating experiment and since untreated 
th^Toidcctomized rats had liitherto uniformly failed to rear satisfactory fitters, it was 
considered that lack of controls 


on 


this occasion would not invalidate tlio 
purpose of the experiment. 

The growth curve for the fitters of 
these rats indicated good growth for 
3 or 4 days following the operation and 
institution of the injections, but the 
curve then fiattened out despite the 
continuance of the treatment. It there- 
fore appeared that the treatment 
served to maintain lactation fora sliort 
time, but that an immunit}" or resist- 
ance to the parath)n*oid extract quickly 
developed. 

A few months later rats were avail- 
able for a similar experiment, the 
object of which was to gain some 
idea of the minimum effective dose of 
parathyroid extract necessary to main- 





10 15 
Dnys'of laotation 


Fia. 2. Moan growtix rates of litters of rats thyroid- 
octoinizod on tlio sixth day of lactation and thoroaftor 
tain lactation for a short time at least e'von dnily injections of tlijToxino-sodium nnd pnro- 
_ . ,, .. T • tliyroid extract. Tho unbroken curve refers to litters of 

following tho operation. In this ease ^ 1,^00 tl.yroideetomizod rats receiving suboutanoous 
one group received 5 units of para- injections of 0*2 mg. of thyroxine-sodium and 5 units 

thyroid extroot and 0-2 mg. of thy- 

I’oxine-sodium daily from tho sixth day thyroidoctomizod rats receiving suboutanoous injoc- 

until the twentieth 'da^'- or until all tho ‘■ions of 0-2 mg. of thyroxino-sodinm nnd 10 units of 
T , , j *Para-thor-mono* daily from day G until woanmg. 

pups were dead, while a second group ^ indicates tlio last observation before thyroidectomy- 
served as operated, untreated controls Tho numbers above tlio curves refer to the unbroken 

(see Table 3 (6) for details of the treated curvonnd thoso below the curves to the circles. Those 
^ T numbers indicate deaths. 

group and Table 1, September 1939, 

series for the con tools). The mean growth curve of the litters of the treated rats is 


given in Fig. 2 for comparison with tho curve for the above-mentioned group receiving 
10 units of parathyroid extract daily, but in comparing them it must be remembered 
that the experiments were not done simultaneously. Notwithstanding this proviso, it 
seems safe to conclude that the lactational performance of the rats receiving 10 units 
daily was much superior to that of those receiving 5 units. Indeed the latter group 
was, if anything, inferior in lactational performance to the controls run at the same 
time. The upward trend of the curve for the 5-unit group at the thirteenth day is due to 
many deaths among the fitters and the latter part of this curve has, in consequence, 
little significance. 

Havinf’* established that approximately 10 units of parathyroid hormone daily are 
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the tninimtim dose necessary to efifect an improvement in lactational performance in 
thyroidectomized rats and that a resistance to the beneficial effect of this dosage 
seemed to be established in the course of 3 or 4 days, experiments Tvith even higher 
doses were planned. Accordingly in the next experiment (see Table 3 (d)) 10 units of 
parathyroid hormone were given daily from the sixth to the eleventh days and 20 units 
from the twelfth to the sixteenth days. In this experiment no thyroxine-sodium was 
given. 



Fio. 3. Mean growth rate of litters of throe rats thyroidectomized on the sixth day of lactation and there- 
after receiving daily subcutaneous injections of 10 units of ‘Para-thor-mone* on days 6 to 11 and 20 
units on days 12 to 10. indicates the last observation before thyroidectomy, i. indicates the last 
obscrx'alion before injections of parathyroid extract ceased. The numbers above the curve indicate 
deaths. 

Fiq. 4. Replacement therapy with parathyroid extract in rats thjToidcctomizod on the sixth day of 
lactation. O — =mcan growth curve of tho litters of four rats thyroidectomized on the sixth day of 
lactation and thereafter receiving daily subcutaneous injections of 10 units of ‘Pnra-thor-mone* daily 
on days G to 9. Two of them then received daily injections of 20 unitsof ‘para-thor-mone’ on days 10 to 20; 
tho other two received daily injections of 20 units of ‘Para-thor-mone’ on days 10 to 16 only, Tho mean 

growth curv'o of tho litters of tho former pair on days 17 to 21 is represented by * and of tho latter 

by . = curve for tho litters of five thjToidcctomized, untreated controls. represents 

tho growth curve of a group of rats subjected to a control operation on tho sixth day of lactation fFoUcy% 
1038], { intlicales tho lost observation before thjToidcctomv, The numbers near the curves indicate 
deaths. 

The growth curve of the litters of these rats (Fig. 3) shows steady and continued 
growth during the period of the injections, \nth no indication of a gradual diminution 
of cfTcct such ns was evident in the prc\ious experiment. The rate of growth was 
however still subnormal. Cessation of the treatment on the sixteenth day was fol- 
lowed promptly h}- a dramatic decline in the gro\vth rate of the young. Moreover, of 
the tlirce mothers comprising the group, two were in bad condition on the eighteenth 
day ; one of these showed snnptoms of tetany and was dead on the twenty -first day. 

Irig. 4 and Table 3(c) give the results of a further c.xpcrimcnt in which four 
tliyroidcctomired rats were injected vitli iO units of paratluToid hormone dailv 
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on clays C to 9 of lactation; two were then given 20 units on days 10 to 20 and 
the other two 20 units on days 10 to 10. It was originallj^ intended to begin udth a 
larger grouj) so as to 3 dold two subgroups of satisfactorj^ size; the factors jnentioned 
prevjoiisl}^ liowcvcr, reduced the number available. Data relating to five untreated 
thyroidcctoinizcd controls arc given in Tabic 1 (April 1941 series). 

J'he results again indicate tliat irentment with liigh doses of paratlijToid Jionnone 
results in j)arlJnl restoration of normal lactation in tliyroidcctomized rats; it is clear 
from the figure and the weaning weights in Table 3 that the restoration was, however, 
far from comj)Ietc. The figure gives for comparison a curve previously obtained 
for the litters of a group of rats vdiich underwent a control operation consisting 
of exposure of tlie tlijToid [Follej’’, 1938J. TJiC two curves for the subgroups from 
the seventeenth day onwards indicate a sliglit decline in growth of the litter of the 
two rats wliich were dejn'ived of tlic extract from the seventeenth day onwards. 
One of these rats was observed to be ill on the nineteenth day and was dead on the 
twentieth. 

In Seeking an explanation for the somewliat better performance of animals 11,243 
and 11,410 (Table 3 (e)) it is noteworth^^ that, notwitlistanding tlie incompleteness in 
the restoration of lactation, accessor}^ parathyroids were found in the thyroid regions 
of these two animals. Strikingly similar are the data relating to the untreated tliju-oid- 
ectomized controls (Table 1, Ai^ril 1941 series). In the serial sections of tliis group, 
thjToid fragments v^crc present in ever}'' case, but it seems significant that the only 
animal of the group to rear pups to tlie twenty-first day was found at autopsy to have 
accessoiy paratlyroids. 

A final experiment was run Muth a view to determining if better replacement 
therapj^ could be achieved by post-operative treatment with thyroxine and para- 
thyroid hormone tlian with the latter alone. T^vo large groups were started on this 
experiment, both receiving 10 units of paratliyroid hormone on da 3 ’'s 6 to 9 and 
20 on days 10 to 20. One group in addition received 0*2 mg. of thyroxine-sodium 
daily throughout the experiment. As the experiment progressed it became evident 
that both treatments were failing to restore lactation and many more does died soon 
after the operation tlian usual. Post-mortem examinations indicated that these 
deatJis were due to peritonitis, for which it seemed possible that the intraperitoneal 
injections of ‘Avertin* might be responsible. This was borne out by the fact that the 
last four rats of the series (see Table 3 (/), (y)) in wliich the ‘Avertin ’ was injected sub- 
cutaneously or administered rectall 3 »‘ and supplemented by inhalation of an alcohol- 
ether-chloroform mixture weaned litters. It should be stated that hitherto no ill- 
elfects had been observed following intraperitoneal injection of ‘Avertin.’ The results 
of this experiment as far as they go give no indication that treatment Arith thyroxine 
in the dosage used, in addition to paratliyroid extract, is any improvement on treat- 
ment with parathyroid extract alone. 

Significant again, hov^ever, is the better performance of female 12,867 in this 
series. This may, at first sight, be ascribed to the smaller size of the litter reared, but 
since accessory parathyroids were found in the thyroid region of this doe ^ve cannot 
exclude the possibility tliat these remnants may have had a definite physiological 
effect Avliicli Avas enhanced, probably by the augmentation phenomenon, Avlien the 
jiaratliyroid hormone Avas given. 
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DISCUSSION 

On tbe point at issue between ourselves and Nelson, our present results are com- 
pletely in accord with those reported previously by one of us [Tolley, 1938]. In our 
rats, thyroidectomy performed during lactation causes an almost, but not quite, 
complete cessation of lactation assuming that the groviih and survival rates of litters 
together form a reliable index of lactational performance. Further, we reaffirm that, 
though thyroidectomized females can, in the majority of cases, be remated and bear 
young, satisfactory lactation is rarely established. ^loreover, pregnancy is often 
prolonged and acute tetany usually occurs at the approach of parturition unless 
preventive measures are taken, 

Omng to the close association of thyroid and parathyroids in the rat, it can be 
assumed that thyroidectomy, as carried out by Nelson and ourselves, will involve the 
loss of all the parathyroid tissue if it be true, as some maintain, that accessory para- 
thyroid nodules are rarely present in the rat, or of the major portion of it if accessory” 
parathyroids are present. It will be recalled that accessory” parathyroids w'ere found 
in 17-2% of the rats we examined. In either event one wuuld expect that according 
to the average amount of accessory parathyroid tissue present in the strain of rat 
used, thyroidectomized rats wuuld suffer from patathyroid deficiency” to a corre- 
sponding degree. Our evidence for this is satisfactory” in the case of thyroidectomized 
lactating females receiving replacement therapy and, although less complete, points 
to the same conclusion for thyroidectomized lactating females recei\”ing no exogenous 
hormone. We have now” showm that the failme of lactation after thyroidectomy can 
be considerably alleviated by continuous administration of fairly” high doses of para- 
thyroid extract, w”hich suggests that the post-operative failure of lactation in our rats 
is indeed connected w”ith parathyroid deficiency”. 

It is not surprising that there should be such an intimate relation between lactation 
and paratlyroid function when one recalls, on the one hand, the importance of the 
parathyroid glands as regulators of calcium and phosphorus metabolism and, on the 
other, the fact that lactation involves a severe strain on the metabolism of these tw*o 
elements because of the daily” withdrawal from the body” of large amounts of them 
in the milk. There is a considerable absoq)tion of calcium from the blood by” the 
active mammary gland [Shaw & Petersen, 1940] and it seems possible that if the 
mechanism which maintains blood calcium at phy’siological levels is disturbed, for 
in.stancc by” removal of the parathyroids, the calcium available for the needs of the 
mammary” glands may” be insufficient for successful lactation. 

Our results arc not in agreement with the contention of Dragstedt [1927] that 
lactation is a more effective stimulus than pregnancy in converting a latent para- 
tliyroid deficiency” into acute tetany”. In rats of the strain iLsed by us, it w ould seem 
that the opposite is true. It is, at first sight, difficult to see why in our thy”roidccto- 
mized rats the tetany cvolccd by” the approach of ]>arturition can 1)0 relieved bv do-e> 
of the order of 1 unit of parathyroid hormone, while the po'^t-oj>crativc laclatioiial 
failure can only bo pul right, and then only* jjartially. bv in or 20 limes that ainount 
rojx'atcdly administered. Tlio former emergency i^. liowevcr, evidently temj>ornr\*. in 
this res|>ect rt'semhling milk fever in the bovine, a sy*n<lromc analo^ou- to tetanv in 
many of its symptoms and accompanied by a fall in scrum calcium, wliile the latt^-r 
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iniisl. 1)0 prolonged. In pregnant females, initiatioji of lactation with the approach 
of ])arturition, involving as it does increased demands on tlic stored calcium, requires 
tiuit the scrum calcium must be rapidly replenished from the calcium reserves. As yet, 
however, calcium is not being lost in the niillc through suckling, and it may be presumed 
that a do.sagc of tlic order of 1 unit of i)arath 3 Toid Jiormone suffices to maintain the 
health of the docs. In lactaling females, on the other hand, where the strain on the 
metabolism of this element is greater, because of its dailj^ withdrawal in the milk, 
the hcaltli-inaintaining dose for pregnant females vdll no longer suffice. 

To summarize, in our rats as in those Tiscd b}^ Nelson, the operation appears to 
produce a condition of latent parath^Toid deficiency which is exacerbated to acute 
tetauj^ under the stimulus of approaching parturition, but in neither strain of rats 
docs lactation call forth sym])toms of tetany. In our experiments, however, but not 
in Nelson’s, the 0])cration sets up conditions which ju'cclude normal lactation. 

In the light of the new information, the difTcrcncc between our results and those of 
Nelson may reasonabl}'’ be explained as due to one of the following possibilities. 
First, the use of rats of different strains which might, on the average, differ in the 
amount of accessory parathyroid tissue normally^' present. Secondly^ it is possible 
that Nelson used older rats than wo did. According to Drngstedt [1927] the older the 
animal the more resistant it is to the removal of the parathyroid glands. Thirdly, 
the difference may bo due to some factor connected with diet, since it has been shown 
by'’ Patras, Galapeaux & Templeton [1938] that the mortality^’ and incidence of 
tetany'' in rats after thyro-parathyroidcctomy'' is dependent both on pre- and post- 
operative dietary management. 

Another interesting ])oint which calls for comment is that rats in vTiich lactation 
Jiad been maintained after thyroidectomy by'' continuous treatment with parathyroid 
extract, usually'^ lost condition and often exhibited tetany if the treatment was with- 
drawn before weaning. If it were true that our rats have sufficient accessory'- para- 
thyroid tissue to keep them free from tetany after thyroidectomy'-, these results would be 
explicable on the assumption that this tissue had undergone hyq)Oplasia and become 
inactive' during the period of exogenous administration. J\rany^ similar instances of 
this are known. On the other hand, where no accessoiy tissue is present, the tetany 
might be ascribed to the abrupt witlidrawal of the exogenous hormone, resulting in 
a sudden upset in a calcium and i)hos 2 diorus metabolism tcm])orarily'- stabilized during 
replacement therapy. 

It must be remembered that we have not yet succeeded in completely'- restoring 
lactation after thyroidectomy and it is probable that the resulting thyu'oid deficiency^ 
must also be corrected before lactation can be completely'- maintained at tlie i3re- 
operative level. The evidence offered by our exj)eriments on this point, which, it must 
be admitted, is rather scanty, is to the effect that tliya'oxine in addition to para- 
thyroid extract effects no improvement over that due to the latter alone. However, 
in the absence of reliable information as to the daily dose of thyroxine necessary to 
restore to normal the metabolic rate of tliyu*oidectomized rats, a decision as to how 
much, if any, of the lactational failure after thyroidectomy is due to loss of the 
thyroid is a matter for future experiment. 
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SiraniABY 

1. Thyroidectomy during lactation in our rats immediately causes an almost 
complete cessation of litter growth and presumably, therefore, of lactation. Thyroid- 
ectomized rats will mate and deliver young but seldom begin to rear litters; pregnancy 
is often prolonged. These results confirm previous findings of one of us (S. J. F.) and 
differ firom those of Nelson. 

2. Autoplastic thyroid grafts, containing parathyroid tissue, made immediately 
after thyroidectomy partially maintained lactation. 

3. Lactation w^as also partially maintained in thyroidectomized rats by injections 
of high daily doses (10 and 20 Collip & Clark units) of parathyroid extract. 

4. Rats thjToidectomized during lactation do not exhibit symptoms of tetany. 

5. It is concluded that the failure of lactation after thyroidectomy is due, at least 
partly, to parathyroid deficiency. 

6. In the light of (5) possible explanations for the divergence betw'een our results 
and those of Nelson are discussed. 

We are indebted to the Agricultural Research Council for a research grant to one 
of us (H. M. S. W.). It is a pleasure to express our thanks to Dr S. K. Kon for placing 
the facilities of his rat colony at our disposal, and to his staff for care of the rats. 
Part of the ‘Para-thor-mone’ was kindly supplied by Messrs Eli JJ]ly and Co., Ltd. 
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Addendum. Since this paper w’as submitted for publication we have seen a paper 
by Knmofsky [1942] wdiich describes results substantially in agreement with those 
reported by Follcy [1038]. As our present results indicate, we are able to confirm 
Karnofsky s opinion that complete tIuToidectomy is extremely difficult to achieve in 
the rat. 



EFFECTS OF OESTROGEN (STILBOESTROL) ON 
THE SPERM PRODUCTION OF ADULT RAMS 

By MIN'CHUEH CHANG, From ihc School of AgricxillnrCi Cambridge University 

{llcccivcd 2 April 19d2) 

Tlio production of spermatozoa depends on environmental factors, sucli as climate, 
season, nutrition, etc., and on internal factors, such as general health and endocrine 
secretions. Tlicsc latter secretions play a very important part in tlio production of 
germ cells, and a study of their influence on sperm jiroduction should be of great 
value in botli human and votcrinaiy medicine. The present experiment was planned to 
investigate the influence of oestrogens on the sperm production of normal adult rams. 
The sjmthetic oestrogen diotlylstilboestrol Avas used tliroughout, 

MATERIAL AND METHODS 

Two SufTolk rams (nos. 84 and 8G), 3 3 "cars old, were used in this exj^eriment. Tliey 
were kept in a field at the Animal Research Station, Huntingdon Road, Cambridge. 
The general management was the same as on any farm in south-east England. Tlioy, 
were in fairly good condition, and their body weight was almost constant throughout 
this study. Tliey liavo been used for the collection of sperm for about two years in 
connexion with a previous study. 

One owe, Avliicli was not necessarily on heat and ivJiich was pregnant during tlie 
later part of this experiment, was used in the ser\dco crate for the ram to mount. 
An assistant led the ram to the crate and recorded the 'reaction time\ i.c. the interval 
between ascending the platform of the crate and ejaculation. This reaction time was 
recorded in order to measure the sex drive. On mounting the ewe, the ram usually 
ejaculated within 2 sec. or as soon as his penis was directed into the artificial vagina 
by the experimenter. 

Semen was -collected twice every morning from each animal. TJie interval between 
collections was about 5-7 min. If a ram did not jump Mdthin 10 min. of leading him 
to the crate, lie was considered as having failed in the trial. He was allowed to have a 
10 min. rest and then led to the crate for another collection. No further trial was made 
if he failed at tliis second chance. 

The temperature of the artificial vagina [Walton, 1938] was adjusted to 40^^ C., 
and the tightness of the rubber tube was ascertained by inserting a thumb. By 
experience, we noticed that temperature and pressure are very important factors in 
inducing a good ejaculation. Tims control of temperature and pressure is essential 
at every collection in order to standardize the technique. A vacuum cup is attached 
to one end of the artificial vagina to receive the semen, and the semen is manipulated 
in a warm cliamber at 25-30° C. in order to prevent temperature shock [Chang & 
Walton, 1940]. 

The volume of each ejaculate was measured and the density, that is, the number ot 
spermatozoa j^er ml. of semen, was estimated from a mixture of the first and second 
ejaculates. A 1 to 10,000 dilution of sperm was made with normal saline, and the 
haemocytometer used to count the number of spermatozoa. 
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The total number of spermatozoa in 48 squares of the haemocylometer was counted 
and also the proportion of abnormal spermatozoa and those with a protoplasmic 
droplet. The morphology of abnormal spermatozoa has been described by various 
authors p^IcKenzie & Berliner, 1937]. Eor the sake of simplicity and definition only 
those spermatozoa without tail, with deformed head or with smaU head, w^eie classed 
as abnormal. By spermatozoa with droplet are meant those with the protoplasmic 
remnant still attached to the middle piece of the tad. The position of the droplet was 
not taken into account. 

The motihty of the spermatozoa was tested by dropping 0*1 ml. of semen into 
4-9 ml. of glucose-phosphate solution which contains Na2HP04 (anhyd.) 0*824 g., 
KH2PO4 0*08 g., glucose 3*20 g. and glass-distilled water 100 ml. The suspension 
was left in a warm chamber at 37° C. and examined under the microscope at this 
temperature. Occasionally the respiration of the spermatozoa was measured in the 
Dixon -Barcroft respirometer [Dixon, 1934], according to the technique of Chang & 
Walton [1940], The keeping quality of the sperm was tested by slow cooling (at 
30-25° C. for i hr., at 15° C. for 1 hr., at 5° C. for 2 hr.), and finally storing for 
10 days at 1° C. [Chang & Walton, 1940], The fertility of the spermatozoa was 
tested hy actual artificial insemination [Walton, 1938]. 

Experiments with ram 86 started on 2 November 1941. The semen was collected 
daily for 12 days before treatment in order to reveal the normal production of 
spermatozoa. Then ten tablets of diethylstilboestrol (total weight 0-235 g.) w^ere 
implanted into the loose connective tissue of the inguinal region of the right hindleg. 
Daily collection of sperm was continued without interruption. The ram reacted quite 
well and showed no effect of the operation. After 19 days another tliirty tablets 
(total weight 1-477 g.) were implanted into the connective tissue of the inguinal region 
of the left leg. Ram 84, after 11 control days, received on 22 November 1941 fort3- 
tablets (total \veight 1-973 g.) implanted in the inguinal region of right leg. Both 
rams continued to give daily collections and sex drive was maintained. After 31 da^-s 
of dail}’^ collection, 15 mg. of diethylstilboestrol dipropionate dissolv’^ed in nut oil w^as 
injected subcutaneously into each of the rams. Collection of sperm w-as made for 
another 17 days and the tablets were removed and weighed. Unfortunatcl3% ram 84 
did not recover well from this removal and had to be rested for 7 da3"s. Semen was 
collected as usual for 23 days after the removal of the tablets. The collection was 
stopped on 11 February 1942. 


RESULTS 

The data on the sperm production before treatment, during treatment and after 
removal of the tablets arc presented in Figs. 1 and 2 for rams 84 and 86 rcsj)cctivel3L 
In order (o eliminate minor dail3- fluctuations, the results arc grouped into 5-dav 
periods. The total number of sperms is the sum of all sj>crms ejaculated in each 5-dav 
])oriod. 'fhe volume, the density, the reaction time and the jxirccntagc of abnormal 
sperms arc the averages of the ten ejaculations in the same j>criod. 

The total number of sperms collected in tlie first 5 days is more than that in the 
second 5 days l>efore treatment. This Is duo to the accumulation of s]>cnns after a 
few day.^ sexual ixM before the cxi>crimcnt l>cgan. S}>crm production rcache.- a 
normal level in the second and thinl rMla\' iK^riod". 
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Fio. 2. Eflccts of stilboestrol on sporm production in Ram SO. 
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After implantation of stilboestrol there is a definite increase in sperm production, 
especially when the dosage is high. Curves presented in Eig. 3 show the actual 
number of sperms produced per day after implantation of stilboestrol and the effect is 
obvious. The increase, however, does not appear immediately after the implantation; 
in the case of ram 86 the effect occurs 7 days after each of two consecutive implanta- 
tions. In the case of ram 84, the increase occurs 9 days after implantation. Increased 
sperm production, however, only lasts for a short time, on the average about 5 days: 
5 days in the case of ram 86 when ten tablets were implanted; 3 or 7 days in the same 
ram when another thirty tablets were implanted; 4 or 5 days in the case of ram 84 
when forty tablets were used. 

The effect of injection of stilboestrol dipropionate is not very conspicuous and may 
not be significant. The sperm production and sex drive of ram 86 were declining at the 
time of the injection. He even refused to jump many times before injection and for 

10 •lillortirol Anollicr 30 nilbt»cilrr»l fur Kam 86 1 5 mg- stilUK-dro: 



C days after injection. But he mounted for service Augorously and ejaculated on the 
seventh day, and this may have been due to the effect of the injection. Sperm 
production was maintained for many ddys. Although the sperm production of ram 84 
was also declining in this period sex drive remained normal. Sperm production was 
not very conclusively increased after injection. This maj’ be because the dosage was 
not higli enough in the case of the injection. There appears to be a definite relation 
l)ctwccn dosage and effect in the case of the tablets. The cun’cs in Fig. 3 show the 
greater effects with the higher dosages. 

After the removal of the tablets, the total sperm produced in 5 davs, the average 
volume and the average density decreased. The quality of the sperms was also low 
(sec below). As the speruA production of the ram is subject to seasonal variation 
(McKenrie Berliner, 1037; Chang, 1041] it is difficult to say wliethcr this wa.*. due 
to tlie removal of stilboestrol or due to seasonal changes. Cur\’cs in Fig. 4 reprewil 
the data colleet<Ml in Fcbnian,' lOtl and Fcbnian* 1042 after tlie tablets had bc-en 
nunoved. In UMI the daily collections were made after about 7-10 day.*^’ sc.xuni rc.-t 
for t lie lA\o rams, so the total number of s|)crms is higher in the first and second dav.s. 
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In 1942 only ram 84 got a rest of 7 clays for operative recovery, so the number of 
sperms m the first and second days is high ; ram 80, however, had semen collected daily 

after the removal of the tablets and therefore did not have a high count in the first 
two days. 

By comparison of tlic curves it seems that the sperm production of the rams after 
removal of stilbocstrol is lower than that of a normal ram at this season of the year. 
However, collection from these animals in 1911 was not so systematic as in 1942; 
therefore I cannot definitely claim that the removal of stilbocstrol was the cause of the 
decline of sperm production. 

The density and the volume of the samples of semen increase during treatment 
(cf. Bigs. 1, 2), tlio increase in the volume of semen being the more marked. The 
ram usually ejaculates about 1 ml. of semen if regular collections are made wth an 



Days Days 

Fia. 4. Daily sperm production after removal of stilbocstrol tablets. 

nterval of not more than 3-4 days. After a longer period of sexual rest the amount 
nay rise to about l-S ml. In the rams subjected to stilbocstrol treatment the volume 
•ose in some instances to 2 or even 2-5 ml. This increase in volume certainly indicates 
in effect of the treatment on the accessory sex glands. 

Abnormal sperms usually occur in high percentage after a lengthy sexual repose 
ind also in the non-breeding season. The percentage of abnormal sperms before and 
luring treatment does not show much change. In the case of ram 86 the percentage 
s a little higher than normal in the later part of this experiment, but this may he 
iscribed to seasonal variation. 

The percentage of ‘droplet’ sperms is not shown in the graphs, but it changes 
-ery little during treatment. In tlie case of ram 80 the average percentage of droplet 
perms per 5-clay collection during the first 25 days ranged from S-4 to 13-5, in the 
lext 30 days from 1-1 to G-6, while afterwards it kept at a level of about 1 %. After 
emoval of the tablets the percentage of ‘droplet’ sperms increased to 4. In most 
ases the droplet was on the neck. In ram S4 the percentage in the first 25 days 
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was l'3-3*3 per 5-day collection. In the next 30 days, the percentage was 1*3-3, and 
later 1* 1-3*1. After removal of the stilboestrol, the droplet was on the neck of 
spermatozoa in this ram also. Thus it is not clear whether or not the female hormone 
has any influence on the percentage of droplet sperm. If there is any effect there may 
be a slight decrease after implantation. 

The reaction time is a measure of the sexual drive of the animal. The reaction time 
of the first collection of each day was shorter than that of the second collection. 
Table 1 shows the difference, which probably represents the fall in sex drive after 
gratification in the first ejaculation. 


Reaction time 
in seconds 


Table 1 


Ram 84 


Average 

Range 


1st 2nd 

collection collection 
20 85 

7-01 20-133 


Ram 86 


Reaction time 
in seconds 

/ * V 

1st 2nd 

collection collection 

Average 47 110 

R^e 9-264 25-244 


Concerning the reaction time before and during treatment, not much difference 
was observed in the case of ram 84. In the case of ram 86, 20 days after the second 
implantation the reaction time was very high Avhich indicates a low degree of sexual 
drive. This ram only reacted 3-8 times out of the ten trials in every 5 days during 
this period. Since stilboestrol tablets stfll remained in his body when he reacted 
quite well later, the failure to react may be due to some general body condition other 
than the effects of stilboestrol. 

The motility of the sperms suspended in glucose-phosphate and examined at 
37^ C. under the microscope showed no difference before and during treatment. In 
most cases, about four-fifths of the sperms showed progressive motility, which was 
maintained for about 6-8 hr. at 37° C. Motility ceased after 24 hr. at this tem- 
perature. This performance does not differ from that of normal rams. 

One difference was, however, observed in that the sperms from treated animals 
agglutinated immediately or within 1 hr., when the suspension was kept at 37° C. 
Sperms collected from normal animals sometimes agglutinate, but only after 6 hr. 
under the same conditions. A peculiarit}” of this agglutination during stilboestrol 
treatment is that the agglutinations may contain 50-100 or more sperms in each 
group, heads sticking together and tails waving, after 2-3 lir. at 37° C. Such heavj* 
agglutination has not been observed before. 

This hcavj’ agglutination is not due to pH changes as is shovTi b^’ the following 
facts. First, the sperms of ram 86 have a high tendency to form heavy agglutinations 
Tvliilc tljosG of ram 84 have a low tendency, although the pH of the sperm suspensions 
of both rams is the same (about 7-6). Secondly, when a reagent' was added to the 
suspension to inhibit the pH change of the sperm suspension, the sperms still 
ngplutinafed although the suspensions were of different pH value. Thirdly, the sperm 
collected from an untreated ram (no. 128) showed no agglutination, although the pH 
change of (ho sperm suspension was the same as that of the experimental animals. 

of cf'rtAin inhibitors of pperm tirtiviiy hein^; stucliM veil] pub!i«b^ 
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Tho motility of tlic sperm after removal of stilboestrol was less tlian wlmt it was 
before. In most eases only one-fiftli of tho sperms sliowcd progressive motion. The 
ngglutination phenomenon also disappeared after removal of stilboestrol. 

Tlic results on the respiration of the sperms arc represented in Table 2. These 
indicate that there is no diflcrcnco before and during treatment. TJicy show, however, 
that the rcsi^iration of sper/ns after removal of the stilboestrol was rather poor. The 
respiration tests therefore confirm tho results obtained on motility. 

Jable 2. Jtc^spimfwn of rain spermaiozoa before, during and after stilboestrol 
treatment {oxt/gen in pL, consuinvA per inillion spermatozoa) 

Avorngo oxygon nptaUo 


Condition of nninials 

Kam 

IbI hr. 

2nd hr. 

Total 

Boforo trontmont (two 

81 

0-252 

0-240 

0-492 

moasiiroinonta) 

SO 

0-298 

0-244 

0-542 

During trontmont (two 

84 

0-251 

0-250 

0-501 

inonnuromonta) 

80 

0-330 

0-238 

0-5G9 

Aftor removal of stilbocatrol 

84 

0-171 

0-128 

0-298 

(two moasuromonts) 

80 

0-108 

0-109 

0-277 

In normal condition, Fobniary 

S4 

0-244 

0-205 

0-440 

19*0 (ton moasuromonts) 

80 

0-279 

0-263 

0-530 


Table 3 shows the keeping quality of sperm before and during treatment of the 
rams. By Icceping quality, we mean the ability to remain motile at a low temperature 
for a long time. It is known from experience, that the keeping quality of sperm varies 
not onty in different species and in different animals but also in different ejaculates. 
Tliere was little difference between the keeping qualities of the sperm before or during 
treatment, but, if significant, tlie data nia 3 ^ show that after treatment tlie keeping 
quality is reduced. 

Table 3. Keeping qualities of spier ni before and- during stilboestrol treatment of rains 
{pure sperm stored at C. for 10 days) 


Boforo troatmont During treatment 



^ 


^ 

Motility, 

f 

X 

IMotility, 


No. of 

pH after 

diluted with 

No. of 

pH after 

diluted with 

Ram 

sample 

storage 

o.r.s.* 

sample 

storage 

o.r.s. 

84 

1 

6 

2/5-3/6 sluggish 

1 

6 

4/5 active 


2 

6 

A few motile 

2 

6 

None 


3 

5 

2/5 sluggish to active 

3 

3 

None 

86 

1 

6 

1/5-2/6 sluggish 

1 

6 

None 


2 

6-5 

2/5 active 

2 

4-5 

None 


3 

5 

2/6 active 3 

* Glucose-phosphate solution. 

3 

3/5 motile 


Sperms collected from the ram during the period of stilboestrol treatment were 
fertile. Five ewes inseminated with sperm collected from ram 84 and ram 80 during 
treatment were impregnated and gave birth to 8 normal lambs; 5 males, 3 females. 

The ten stilboestrol tablets implanted into ram 86 were totally absorbed 67 days 
afterwards when it was intended to remove them. It is impossible to calculate the 
absorption rate because we do not know the actual time of total absorption. 204 mg. 
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of the other thirty tablets were absorbed after 48 days. The absorption rato was 
therefore 4*25 mg./day. In ram 84, 240 mg. of stilboestrol were absorbed after 48 days 
of implantation. The absorption rate was 5 mg./day, 

DISCUSSION 

The results of this experiment are not in accordance with my original expectation. 
Golding & Ramirez [1928] demonstrated that the injection of oestrogen from ovaries 
and placenta into immature rats would inhibit the growth of testes and prevent 
descent into the scrotum. Ringoen [1938] has also reported the retrogression of the 
gonads of sparrows following injection of oestrogen. The implantation of stilboestrol 
into ram Iambs by Hammond (experiment still in progress) also caused inhibition of 
growth of the testicles. Thus I assumed that sperm production would be stopped by 
implantation of stUboestrol but might return after the removal of the hormone. The 
results, however, show' a definite increase in sperm production and no decrease in the 
sperm quality. We know from recent literature that there are definite periods of 
competence when induction occurs in developmental processes ; therefore it seems that 
the infiuence of the female hormone on the male organs may occur onl}’^ at certain 
stages of development. 

It is a w'ell-known fact that high temperature applied to the testicles adversely 
affects spermatogenesis. The time interval between admimstration and effect is, 
however, rather long. Thus abnormal sperms appear after 8-8 days in the case of 
rams [McKenzie & Phillips, 1934]; fertility decreases after 44 days in the case of the 
guinea-pig [Young, 1929]; and low sperm counts occur after about 21 days in man 
[McLeod & Hotchkiss, 1941]. I thought at the beginning of this experiment that the 
effect of stilboestrol, if it caused damage to spermatogenesis, w'ould come after a long 
period of treatment. The experiment has been carried on 71-90 days after the 
administration of stilboestrol, but there is still no definite sign of any ill effect. Tiie 
experiment cannot, how'cver, be continued longer, as at this time of the 3^ear decrease 
in testicular activity is to be expected owing to the onset of the non-breeding season. 
How’cvcr, sperms showed normal quantity and quality 20 days after the experiment 
w’ns stopped. 

Recent literature reveals that there is similarity in the chemical structure of the 
sex hormones. Oestrogenic and androgenic substances are produced in both males 
and females. This is responsible for a certain degree of overlapping in reaction. 
Testosterone, the hormone of the testis, produces not only development of male 
secondary sex organs, but in large doses has an action on the uterus similar to that of 
progesterone [Klein k Parkes, 1937]. Testosterone also lias an effect similar to that of 
ocstradiol on the vagina of the immature mouse [Robson, 1940]. That the oestrogens 
may stimulate a certain type of tissue development in the seminal vesicle, prostate 
or pcri-urcthral tissue of the male has boon confirmed many times fGustiirson, 1939], 
Our results reveal that stilboestrol has no ill effects on the adult male organs and 
that it temporarily increases the sperm production of an adult ram. Although the 
effects of synthetic oestrogens may not be exactly similar to those of natural oestrogens 
which Iwlong to the steroid group, the similarity of effect as w'cll as the close structural 
rcscmhlanco of diethyl stilboestrol to ocstronc or ocstradiol are well established. Thus 
the results of the present experiment may l>e applicable in general to otlieroc-^tro-cris. 
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T(. is olninicfl t hat the notion of ocstrogcns is that of a pacemaker in the action of 
male hormone in t lic castrated rat and that oestrogen and androgen act syncrgistic.ally 
on the epithelial and smooth muscle elements of the seminal, vesicles [Giistavson, 
lO.'lO]. Alt hough t he administration of androgen maintains spermatogenesis in hypo- 
[)!i 3 'scctomizcd animals [Walsh, Cuylcr &, McCullagh, 1934; Nelson, 1936], in general, 
androgens are considered to stiimdate only the accessory secretions and sex drive; 
their iclation to sjicnnalogcncsis in normal conditions is not altogether clear. Tiie 
present, experiment shows that the volume of semen and the number of spermatozoa 
increase after treatment with stilbocstrol, and indicates that stilboestrol affects both 
accessory secret ion and siicrmatogencsis. J3ut to what extent it stimulates accessory 
secretion and spermatogenesis directlj^ and what is the relationship between the 
stimulation of accessory glands and that of spermatogenesis is still not yet clear. It 
is possible that the implantation of stilbocstrol stimulates the pituitary to produce 
more gonadotropic hormone which therefore causes the increase of sjjerra production 
and accessory secretion. 

That the administration of oestrogens prevents the castration changes in the 
hypophysis has been well demonstrated [Nelson, 1934; Wolfe, 1936]. In a review of 
the recent literature on the effect of the administration of oestrogens on the hypophysis, 
Soveringhaus [1939] summarized the position by stating that ‘the structural response 
of anterior lobe tissue to oestrogen administration, judged l>y the best available 
cytological criteria, indicates an activation of production and release of secretion’. 
Thus the results of the pi-esent e.xpen’mcnt could be interpreted by saying that the 
stilboestrol stimulates the activity of the pituitary. The increased activity of the 
pituitary gland maj’^ either increase the production or release the secretory mechanism 
of gonadotropic hormones which stimulate spermatogenesis and the accessory 
secretions. If this interpretation is right it seems more probable that the effect of 
stilboestrol is due to the release of hormone present in the pituitary rather than to the 
maintenance of a high level of hormone production, because the increase of sperm pro- 
duction only lasts for 6 days, although stilboestrol is still being absorbed into the body. 

Actually, the release of gonadotropic hormone from the pituitary may have an 
immediate effect on spermatogenesis, but this would not appear immediately in the 
ejaculate. The transportation of spermatozoa from testicle to the tail of the epididymis 
is rather slow; S-8 days as determined by McKenzie & Phillips [1934], 6-6 days 
according to Gunn [1936]. The time interval between administration of stilboestrol 
and the increase of sperm production wliich occurs 7-9 days later may be due to the 
time required for the 'transportation of spermatozoa rather than to a long latent 
period between administration and effect on the pituitary or gonad. 

The definitely low quality of the spermatozoa and the relatively low sperm pro- 
duction after the removal of stilboestrol, and the fact that the protoplasmic droplet 
is in most cases on the neck, which is claimed by some authors as an indication of 
immaturity of spermatozoa, could be ascribed to the seasonal effect on sperm pro- 
duction in part, but also to a greater extent to the effect of removing the stilboestrol. 

It is most probable that the sudden removal of a constant stilboestrol stimulation 
reverses the release of secretion for a certain period. During this period the normal 
amount of gonadotropic hormone would not be secreted, hence the low sperm 
production and low quality of spermatozoa. 
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That the inunction of stilboestrol causes udder development and copious secretion 
of normal milk in virgin goats and heifers has been demonstrated by Policy and his 
collaborators [Policy, Scott Watson & Bottomley, 1940, 1941]. They claim that 
prolactin treatment before administration of oestrogen is not necessary, although 
this has been postulated by other authors. Their results, like ours, point to the same 
chain of reactions between the pituitary and sex hormones, though the mechanism 
of these reactions is still not clear. 

The methods and procedure in collecting sperm, which have been described above, 
were planned to reveal the absolute production of spermatozoa. The method is not, 
however, an obligatory process like milking a cow. Success in collection depends 
partly on the sex drive of the animal. If the sex drive is low the ram will refuse to 
mount, and the sperm production during this period could not be revealed even 
though it might be on a high level. ^Moreover, the total number of sperms produced 
in a given period increases as the number of collections increases [Chang, 1941], while 
at the same time the sex drive may diminish with increased gratification. It is very 
difficult to separate these two factors, sex drive and spermatogenesis, especially as 
they are also controlled by different gonadotropic hormones which may however be 
related to one another. We hoped that by making two collections each day we would 
obtain suf&cient elimination of sperms to reflect the level of production without at the 
same time reducing the sex drive by increased gratification. In the future an obliga- 
tory method of collection might be used to measure the real production of sperms 
%vithout introducing the handicap of low sex drive. 

The phenomenon of agglutination of sperms, which is still under investigation, may 
he due to the direct effect of stilboestrol. Some results indicate that stilboestrol added 
to glucose-phosphate dilutor increases the tendency to sfgglutination of the sperms 
of treated animals. Some other chemical substances have, however, the same effect, 
and stilboestrol added to dilutor has no effect upon the sperms of imtreated animals. 

Smi5L\BY 

1. The sperm production and sex drive of two Suffolk rams were studied before 
and after implantation of dicthylstilboestrol. 

2. Sperm production increased 7-9 da^'s after implantation and the effect lasted 
for about 5 days. The higher the dosage the higher the sperm production. 

3. There was no effect on sex drive, sperm morpholog}" or quality- of spermatozoa. 

4. Spermatozoa collected from treated animals showed a high tondenev to ar^f^lu- 
tinatc. 

o. Sperms collected from stilboestrol -treated animals were fertile. Eight normal 
lambs (5 males and 3 females) were produced from 5 artificially -inseminated 
ewes. 

fi. The absorption rate of stilboestrol was 4-25-5 mg./dav. 

7. It is suggested that the effect on sperm production may be brought about bv 
stimulation of the hypophysis to release secretion. 

^ llie vTitcr \ris!ios to acknowledge hh; gratittido to the Board ofthe Boxer Indemnity 
I nnd, Chungking, China, for tlie extension of his scholarship for three months. He is 
much indebted to Drs A, Walton and J. Hammond for their constant encoumrrement 
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MAINTENANCE AND RESTORATION OF GROWTH 
IN THYROIDECTOMIZED RATS 


By I. W. ROWLANDS, From the National Institule for Medical 
Besearchy London^ N.W. 3 

(Received 17 April 1942) 

The function of the thyroid glands in regulating the process of body growth was 
recognized many years ago from observations on human cretins. Subsequently, it was 
established that thyroidectomy in experimental animals checks the rate of growth, 
the retardation being greater when the operation is performed very early in life. 
Though these facts had long been established on a qualitative basis evidence of suffi- 
ciently quantitative precision is best available from studies of more recent years. 
Thus, Salmon [1938] found that the maximal body weight attained by rats thyroid- 
ectomized at birth was only 25-35 g. 

The rate of growth in thyroidectomized animals can be maintained or restored to 
normal by the administration of various thyroid preparations, such as thyroid gland 
substance [Smith, Greenwood & Foster, 1927; Salmon, 1938], thyroxine [Evans, 
Simpson & Pencharz, 1939] or artificial thyroprotein prepared by iodination of the 
proteins of skimmed milk [Reineke & Turner, 1941]. According to Flower & Evans 
[1924] and Evans ct al. [1939] the administration of extracts of anterior pituitary 
gland will also stimulate growth in thyroidectomized rats, although Salmon [1938] 
failed to restore growth in similar rats by the daily implantation of whole pituituiy 
glands from adult rats. On the other hand, the dwarfing which normally follows 
removal of the pituitary gland cannot be prevented by the administration of thyroid 
gland preparations [Smith etaLy 1927] or by the injection of thyroxine [Evans cl al,, 
1939]. 

The exact relationship between the thyroid and the pituitary’ glands in controlling 
growth has not yet been elucidated. Smith [1933] showed that greater growth, 
accompanied by increased skeletal development, was produced in thyroidectomized- 
hypophyscctomized rats when thyroid gland substance was administered in addition 
to pituitary gland extract, and Evans cl aL [1939] believe that the secretions of the 
two glands act synergistically. 

The results described below agree with much of the earlier work and, furthermore, 
bIiow that crystalline thyroxine, implanted subcutaneousl 3 * in tablet form b^^ the 
technique of Dcanesl}^ & Parkes [1937], will maintain the growth rate of th3Toidccto- 
mized rats at the level of that of intact rats. 

MATERIAL AND METHODS 
Anirnah used 

oung male rats, having a hod 3 ’ weight of about 40-50 g., were used. Thvroidcctom 3 ' 
was carried out under ‘Avertin’ anaesthesia. The operation conrists of .ceparating the 
two lateral lobes of the gland b 3 * dividing the isthmus and removing each half in- 
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dcpcndontl}' by blunt dissection. Some Imcrnorrlmgc occurs as tlic gland is being 
removed, but it is easily arrested by gcnf lo i)rcssure with swabs. Care is required in 
avoiding the recurrent laryngeal nerve. 

Subsfavccs med 

The ofTcct of the following i)rcj)arations was examined: 

(a) 'Thyroids U.S.P. Desiccated^ (Armour and Co.) stated to contain 0-2% iodine 
in thyroid combination; this was a very old preparation. 

(/>) Synthetic crystalline thyroxine (‘Roche') and thyroxine and sodium thyroxine 

(B.D.ir.). 

(c) Acetone-dried i)ituitary glands of adult male rats. 

(f/) An extract prcj)arcd from the anterior-pituitary gland of oxen (AP52D). 

(c) J\lnrc serum gonadotropliin (PjMS IS). 

(/) Chorionic gonadotrophin (UP31). 

Observations on growth 

These were made on all rats b 3 ^ once- or twice-weekly^ ^weighings at a constant time 
before feeding. At nutops 3 % the alimcntaiy and reproductive tracts, spleen, liver, 
kidney^s, heart, lungs and skin were weighed in tlic fresh condition. The remainder of 
the carcass after weighing was boiled and the skeleton prepared and weighed. Tlie 
diircrcnco between tlie weiglits of the dissected carcass and of tJic skeleton was 
assumed to represent the M'cight of the total musculature. Tlie reproductive tract and 
the adrenal glands were fixed in J3ouin's fluid, and the constitxient organs of the 
former were M'cighed subsequently'^ on a torsion balance. 

KESULTS 

The effect of thyroidectomy on body growth 

Eighteen intact and ten thyroidectomized male rats, having average body weights 
of 40 and 43 g. respectively, were weighed once weekly'^ for 11 weeks. Tlie results 
obtained are plotted in Eig. 1 (curves I and IV). At the end of the experiment the 
diffcreiico in average body weight betAveen the two groups was 120 g. Tlie weight 
of the thyu'Didectomized rats reached a maximum (80 g.) G weeks after operation and 
thereafter tended to fall in keeping with a marked deterioration in the condition of the 
animals. Symptoms of hypothyroidism, such as dry'' skin and staring hair, became 
evident. 

Bestoration of growth after thyroidectomy 

Seven groups, each consisting of fiA'^e thyroidectomized rats, w^erc left Avithout 
further treatment for 9-10 Aveeks until groAvth ceased. The substances listed in Table 1 
were then given for 5 Aveeks by daily subcutaneous injections. All the rats AA’crc 
Aveighed once Aveckly^ from the time of operation until they AA^ere killed, Avith the 
exception of the rats in group 7 Avhich AA^cre Aveighed tAAUCc a Aveck. 

The most satisfactory result AA^as obtained AA'itli the thyroid gland ])reparation 
(Table 1, group 7): the groAvth curve of these rats is plotted in Fig. 1 (ciuwe III). Ihc 
average increase in Aveight of these rats Avas 50 g. From the da.y folloAAn'ng the o])cra- 
tion, however, these rats Jiad been injected daily AA’ith 2 mg. of the acctonc-dncc 
poAvder from the ])ituitary glands of adult male rats. This amount did not maintain 
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growth, at the normal rate, hut twice the amount did. cause a small hut definite 
increase in the \veight of rats already dw’arfed by thyroidectomy (Table 1, group 3). 



Fio. 1. Tho cfTcct of thyroidectomy on body growth, and maintenance and restoration of growth with 
dried thyroid gland. 0 = Intact male rats (curv'o I). ^ = Maintenance of growth with dried th^Toid gland 
(cur\'o 11). O s= Restoration of growth with tho aamo thjToid gland preparation; tho arrow indicates the 
day on which injections were commenced (curve HI). # =ThyToidectomired rats (curv’O rV^). 


Table 1. Bcsforation of body growth in thyroidectomized rats. The, 

injected into groups 3-6 uns doubled during the course of treatment 


Group 

I 


Treatment 


Substance 
None, intact controls 

2 None, thjToidectomired controls 

3 Rat pituitAi^* gland 
Ox pituitary’ gland 

5 .Man-* iv'nitn gonadotrophin 

h niorionic gonatloirophin 

7 l)rir«I thyroid gland 

Concurrently '^ith thr> nl>ove crciuns of rats, i 


Body weight (g.) 


Daily 

r 

A 


amount 

At 

At beginning 

Maximum 

nig* 

operation of treatment 

attained 

— 

40 

153 

193 

— 

43 

79 

79 

20--4 0 

40 

6S 

97 


41 

C3 

7S 

0 5-^10 

43 

74 

S9 

bO-2-0 

42 

70 

79 

I-O 

44 

73 

123 

group of 

rats was 

injecterl with n 

larg** do*e nf 


l»o<!y right. 


I In' otlior prx'p.'i ration';, extracts of (i) ax pituitary plrtnd containing large amounts 
of tliyndropliie Itonnonr, (ii) mare serum gonadotrophin c'ontaininrr foliiclc.c*imn- 
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luting liornione, nnd (iii) cliorionlo gonn(lotroi)liin contnining luteinizing hormone 
produced only u uliglit ineroase in the body weight of the thyroidectomized rats, bu 
caused hypertrophy of the sccondnry reproductive organs (sec Table 2). 

Maivir.uancc, of growth after thyroidectomy 
The rest of t he expcriincnUs were confined to observations on the maintenance o; 
growth after thyroidcctoinj', chiefly' because of the high rate of mortality that occurred 
in the longer c.vjicrimcnfs on the restoration of growth. The dried thyroid preparation 
and thyro.xinc were. used. 



Fio. 2. Mnintonnnco of growtii in thyroidootoniizod rats by dnilj' injection of tliyroxino. 0=controls, 
intnet rats (curvo I). 0 ^controls, thyroidoctoinizod rats (curve III). A =I^iyroidGctomized rats ni* 
jeetod daily with 2-5 fig. tliyroxino (curvo II), 

Dried thyroid gland 

Five rats having an average body weight of 45 g. were tIi 3 Toidectomized and, 
commencing on tlie next day, the}^ Avere injected daily for 11 Aveeks AAdtli 1 mg. of 
dried thyroid gland suspended in 1 ml. of AA\ater. They Avere Aveighed tAAUce Avcekly ; the 
aA^'erage Aveights are plotted in Fig. 1 (curve II). An almost normal rate of groAvih 
Avas maintained in this AA\ay. The maximum Aveight (153 g.) Avas attained after 72 days. 
Tliroughout tJio experiment the rats remained in excellent plij’^sicnl condition, Avith 
the skin moist and the hair sleek and silky. 

Thyroxine 

The content of thyroxine-iodine in the dried thyroid poAA^der vras determined, anci 
it Avas calculated that 1*5 fig. of thyroxine Avould be equivalent to 1 mg. of the 
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powder. Two sets of experiments were earned out on the administration of crystalline 
thyroxine. 

{a) Daily subcutaneous injection of thyroxine in aqueous solution. Five thyroidecto- 
mized rats were injected daily with 2*5 fig. of crystalline thyroxine {^Roche') for 
100 days, and weighed Uvice weekly. The average weights are given in Fig. 2 (curve 11) 
together vith those for a group of six untreated thyroidectomized rats (curve III), 
and five intact rats (curve I). It vill be seen that the dose of thyroxine was adequate 
for the maintenance of normal body growth in the earlier period of treatment, but 
that later the rate of growth fell slightly below that of the normal rats. 



Kio. 3. Mftinlcnnnro of prowth in tbyroirlcclorn>7-C<l rats by the iiniilnnlation of tablet of tlijToxinc. 
1.J = controls, intact rats (cur\ c I). • = controls, tliyroulcctoini/cfl rats (riirv'c IV). ^ = tliyrojflcctomizcs! 
rats itnplnntc<l with tablets of thyn>xi?ic (curve II). 0 = thyrni«leetorni7.<‘fI r.\ls iin])l.mt<s! with tablets of 
pfxhnin thyroxine nml cholesterol (curve HI). 

{h) Suhcufnnroits iiuphufatimi of cry^tnUinc thyroxine. One tablet of 40 incr, 
crystalline thyroxine (B.D.H.) was implanted siibciitaneonsly into each of a groiiji of 
ten rats at the time of thyroidectomy, no further treatment being given; seven of tlie 
rats survived for lOn days. The animals were wciglied twice weekly. The average bodv 
\\ eight of the seven nits, which at the time of thyroidectomy and implantation was 
•trig , incn.'a'^iMl '.loadily througliout tlic experimental period until, at th(‘ end. it liad 
riven to 171 g. (l iLi. 11, curve* 11). 'I'he late of gmwth was vinnlar to that of the ratv 
injected daily with 2-r»;ig. of thyroxine, and was only .sli^ldly lev^ than tlial of the 
intact control nitv (curve 1). 

Into each of another ten rats at the time of tliyroidectotny was implanted 
a 40 mg. tablet (*oiitaining 40 *\, sodium tliymxiuc enul of ciio!i-t< ro] 
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oxcipienl.^ Only four of (hoso rals survivocl (lie 1 00-day period; tlicir average body 
weighla aro graj)hed in J’^ig. ll (ourvo III). Tbc rale of grou th during the second 
fortiiiglH. M’aa j)oor, l)ut 8ul)socjuently it steadily increased again. At the end of the 
cx})eriinon(al ]>oriod (he average body weight was ]53g., apprccial)l 3 ’’ lower than that 
of the rats iin})IaTile(l witli j)uro thyroxine. Of the rats in this group that died during 
the experiment, 0!ie, tliat lived for 07 days, had at no time a body weight greater than 
72 g.; another, that died on the 7Gth day, had a body weight of 01 g. The growth 
rate of the former rat’Seemed to luivc been complctcl}' unafTcctcd by the presence 
of (ho tablet. In general, therefore, the sodium thjTOxinc-cholcsterol tablets were 
le.ss satisfactory than those of thyroxine alone. 

The tablets, when removed, were firmly cncapsijiated in a shcatJi of fibrous tissue; 
they were hard to the touch and showed no signs of disintegration, though Parkes 
[10^12] does not find that tablets of pure thyroxine without excipient are so stable in 
intact raks and rabbitvS.^ Neither the thyroxine nor the sodium -thjToxine tablets, 
when dried and weighed, showed an^" detectable loss in weight as the result of 100 days 
of implantation. 

Effect of thyroidectomy on organ growth 

The weights of a number of dificrent organs at death showed that the retardation 
of growth after th^Toidcctomy was common to all. 


Table 2. Effect of thyroidectomy on the growth of the rc2modnciive organs and adrenal 
glands of the raty and the effects of various gonadotrophic preparations , dried thyroid 
gland and thyroxine 

Body weight. 

Substance injected (g,) Woiglit of organs (g.) 


Group No. 

Kx tract 

Daily 

amount 

Initial 

At 

autopsy 

Testes 

Sern. 

vcs. 

Prostate Adrenals 

1 

18 

[Controls — intact] 

— 

40 

193 

2*300 

0-300 

0'400 

0-030 

o 

10 

[Controls— thy roidocto- 

— 

43 

73 

1-480 

0053 

0150 

0-020 

3 

10 

mized] 

[ Con trols — in tact] 

_ 

140 

255 

2-710 

0-410 

0-685 

0-03C 

4 

10 

[Controls — thyroidocto- 

— 

145 

136 

1-700 

O-llG 

0-223 

0-024 

5 

10 

mized] 

[Controls — intact] 

. 



147 

1-190 

0-041 

0-11-1 

0-026 

G 

5 

Rat pituitar^^ gland 

4 mg. 

40 

90 

2-190 

1-050 

0-770 

0-020 

7 

5 

Ox ])ituitary gland 

4 mg. 

41 

77 

1-GOO 

0-224 

0-320 

0-017 

8 

6 

lUnre serum gonadotro- 

1 mg. 

43 

89 

2-270 

1-540 

MIO 

0-020 

9 

4 

phin (PMS 18) 

Chorionic gonadotrophin 

2 mg. 

42 

70 

1-550 

0-7S0 

0-590 

0-023 

10 

6 

(trp3i) 

Dried thyroid gland 

1 mg. 

45 

153 

1-890 

0170 

0-290 

0-037 

11 

5 

Thyroxine 

2*5 /ig. 

50 

17G 

1-940 

0-325 

0-351 

0-028 

12 

7 

TJiyroxino 

Tablet 

45 

174 

2-250 

0*384 

0-291 

0-025 


The weights of the re 2 )roductive organs and of tlie adrenal glands, after fixation in 
Bonin’s fluid, of most of the thyroidectomized and control rats used in the above 
experiments arc given in Table 2. Tliyroidectoniy in immature rats (group 2) caused 


1 Sodium thyroxine, at least of this particular batch, was found not to nmko stable tablets without 

2 Vn tho oxperhncnls recorded by J)r Parkes ‘implantation m'AS 7nado into the Uank, and it now seonis 
likely that tho better preservation of tho tablets in tho tbyroideetoinized rats was due to 

being made into the nock. 
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GROWTH AFTER THYROrDECTOIMY 

some retardation in the growth of testis, but its effect on the accessory reproductive 
organs, especially the seminal vesicles, was greater. The growth of the reproductive 
organs of rats thyroidectomized at a time when the growth rate of these organs is very 
rapid was also retarded (cf. groups 3 and 4), but some growth had occurred after the 
operation, since younger intact rats of about the same body weight (group 5) had 
considerably smaller organs. These results confirm the observations of Smelser [1939]. 

The secondary reproductive organs of thyxoidectomized rats injected with gonado- 
trophic preparations were greatly enlarged. The seminal vesicles of those injected 
with mare serum gonadotrophin (group 8) for instance, were about thirty times the 
size of those of the thyroidectomized controls (group 2) and five times the size of those 
of the intact controls (group 1). The organs of the rats treated with thyroxine, on the 
other hand, are maintained at normal size. 

Growth of the adrenal glands was also retarded by thyroidectomy, and can be 
restored by injection of desiccated thyroid or thyroxine and to a lesser extent hy the 
implantation of a tablet of thyroxine. 

discussiok 

From the results described above and from those of Salmon [1938] it appears that the 
degree of retardation of growi^h following thyroidectomy in the pre-pubertal rat 
depends on the weight of the animal at operation. Salmon thyxoidectomized new- 
born rats and found that they ceased grovdng when, they reached 25-35 g. If the 
operation is performed on rats weighing about 40 g. growth ceases at about 80 g. On 
the other hand, rats thyxoidectomized after maturity^ (140-150 g.) lost, on an average, 
10 g. body weight over a period of 12 \veeks. 

Tlicre ate several points of resemblance between the effects of thyroidectomy and of 
hypophysectomy\ Retardation of body growth is a characteristic effect of both these 
operations and, moreover, the maximum weights attained by^ rats, when subjected 
to cither operation at 40 g., are similar. Again, the effects on the reproductive organs 
arc of the same kind, although those of hy^ophysectomy are undoubtedly more 
severe; whilst thyroidectomy causes merely a retardation in growth, hyT)ophyS' 
ectomy results in atrophy’^ of these organs. Finally’, the physical appearance and 
condition of the rats, the dryness of the skin and the coarseness of the liair, arc similar 
after both operations. Whether these effects are caused directly’ and inde]>cndently’, 
or arc indirectly co-ordinated by’ the action of those glands on each other, is uncertain. 

An almost normal rate of growth can be maintained in thyxoidectomized rats by- 
the ndininislration of dried thyroid substance or of crystalline thyxoxine injected in 
aqueous solution, or implanted subcutaneously in the form of a tablet. The fact that 
a daily do.'Jo of 2*5 /zg. of thyroxine by injection seemed adequate agrees well with the 
results reported by Evans ct aL [1930], who maintained body’ growth and ba^al 
metahnli‘'m at normal levels in thyxoidectomized rats about twice the size, on 5’0/ig. 
of thyroxine daily. From observations on the restoration of a normal heart rate in 
tliyroidoctomizod rats, however, Fi^hbournc A: Cunningham [193S] con=jidcr that the 
output of thyro\ii\e hy the thyroid gland abont 4n^ig. dailv. 

'1 lie maintonanev of hodv gn»wth by a tablet of sodium thvroxinc, with cliolesterol 
as an cveipitmt. wa^ not so complete as that obtained with tliyro.xine alone, in .spite 
of the fart that (he sodium comj)ound, on acenjunt of its ga-atcr solubility, mij:bt have 
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been nbsorbod inoro rcntlil 3 \ Tho absence of any appreciable loss in wciglitfroni eithc: 
fypo of (ablet exehtdos tlic possibility (.liat the rats received th 3 ’’roxinc in supra 
ojJtiinal dosage. 

Even allowing for tho orror.s inherent in detecting small losses from large tableti 
aftor prolonged implantation, it seems very unlikely that the tablets could havelosi 
as mneh as an average of 1 mg. in the 100 daj’.s. From the experiment on the in- 
jection of dried thj'roid in susjionsion or of t h^moxine in .solution it would appear that 
the tablets need only have lost l-.'5-2-5/tg. per day, or 0-26 mg. (250pg.) throughout 
t he whole period of 100 da^’s, to have jirodncod the observed e/Tect. A single tablet ol 
no mg. of t hyroxine, t herefore, should maintain growth in a thjToidectomizcd rat for 
about nO-00 years 1 I am unable to confirm Wokes’s f 1941] observation that a tabletof 
thjTOxine, implanted subcutancouslj^ in normal animals, exerts its effect for only a 
limited period of time. 

In the case of steroid hormones there has been no difficult}'^ in adapting tho technique 
of imjdantat ion to clinical use, and it has proved successful for the prolonged adminis- 
tration of dcsoxycorticostcrone, testosterone and ocstronc. It would seem, therefore, 
that a clinical trial of this technique for the administration of thjmoxine in cases of 
thj'i'oid dcficicnc3’ would be well justified, and Wokes’s [1941] warning, based on the 
production of hvpcrthj’roidism in normal guinea-pigs by tho implantation of crj^stal- 
linc thjToxinc, need not be n.ssumcd, without such trial, to be applicable to man in 
a state of h^qioth^u'oidism. 

SUJIJIARY 

1. Quantitative obsenmtions have been made on tho growth rate of thjToidecto- 
mized rats, and attention is drawn to some similarities between the effects of thyroid- 
ectomy and h}'poph 3 'scctom 3 \ 

2. The retardation of growth following thjToidectomj’’ can be overcome bj”^ in- 
jections of desiccated thjn-oid gland or thjTOxine, or by the implantation of a tablet 
of tlijn-oxine ; it cannot be overcome by the injection of rat pituitary gland or of 
various gonadotrojjhic or thyrotrojdiic substances in tho dosages used. 

3. It is calculated that the rate of absorption of a 40 mg. tablet of thyroxine, 
implanted subcutaneously, which is sufficient to promote normal growth in athyroid- 
ectomized rat, is rather less than 1 mg. per annum. 

Acknowledgement is made to Dr F. G. Young wlio prepared the extract of ox 
pituitary gland (AP52); to Organon Laboratories, Ltd., for the chorionic gonado- 
trophin (UP 31), and to the Lovens Kemiske Fabrik for the mare serum gonadotrophin 
(PMS18). 
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GAMETOGENESIS AND SOME ENDOCRINE FACTORS 
AFFECTING IT IN THE ADULT MINNOW 
{PHOXINUS LAEVIS L.) 

By W. S. BULLOUGH, From the DeparimerU of Zoology, University of Leeds 
{Received 21 April 1942) 

Descriptions have been given [Buliough, 1939] of the normal reproductive cycles of 
male and female minnows {PJioxinus laevis L.), and the main outlines of spermato- 
genesis and oogenesis in this fish are known. Interest has recently been focused on the 
source of new oogonia in the ovaries of adult vertebrates, and a considerable amount 
of evidence [Allen, 1923; Swezy, 1933; Buliough & Gibbs, 1941] has been brought 
forvwd which leaves little doubt that, in many mammals and at least one bird, new 
crops of eggs are produced cyclically tliroughout adult life from the germinal epithe- 
lium investing the ovary. Evidence of similar conditions in the female minnow’ has 
now’^ been obtained, and this is recorded below’. 

Considerable interest has also centred round the environmental and endocrine 
mechanisms underl3dng reproductive cycles, and work on these lines in the minnow' 
has been done by Buliough [1939, 1940] and by Spaul & Buliough [unpublished]. The 
main factors influencing gametogenesLs are generally well kno\vn, and certainly in 
many cases the ultimate controls are the seasonal variations in the length of da3’ and 
the induced secretions of the anterior pituitary’’ gland. Injection experiments with the 
minnow, recorded here, have now indicated that the control of at least some phases 
of gametogcncsis is probably more complicated than has been supposed. 

MATERIAL AKD METHODS 

For the studj’ of the normal reproductive c^’cles of male and female minnows, fish 
were obtained from Lake Windermere at various times of the 3’ear from Juh’ 1930 
to the following breeding season. The3’ w'cre usuall3’ killed and fixed shortl3’ after 
their arrival in Leeds. The minnows used in the experimental w*ork came from Lake 
Windermere in Juh’ 1939, and were kept in tlic laborator3’ in wiiitc enamelled metal 
tanks (40 x 25 x 30 cm. deep). Each tank liekl about fort3’ fish which were fed on ant 
pupae. The w’atcr W’as changed dailv, and in these conditions verr few* deaths oc- 
curred. 

The experimental work consisted of a series of injections of male and female sex 
hormones into minnow’s wiiich had recent I3’ spawmed. The male sex liormone used w*as 
lestostoronc propionate (Perandren, Ciba\ Ltd.) diluted ten times with .cesanie oik 
After dilution the solution contained 0-5 mg. of testosterone propionate pjr ml. The 
female sox honnone, oestrone (Menfonnon, Organon Laboratories), w'as diluted ten 
limes with Ringer solution, and the concentnUion w'a< then 0-ni ni". (100 i.u.) of 
oe^l^me mL In all the oxi>eriments 0.2 ml. of the diluted lionnone solutions wa. 
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injootod i!\(o tlu' body cavity ofcju'Ii fisli at each injection. T!\c following expcriment^il 
groujis were scl np on 27 Jtdy: 

(1) (Control group of {incen fcnnalo and fifteen male fish killed on 27 July at the 
Hturl of tlie o\])en!nents. 

(2) (.oidrol grotip of fifty female fish which were not injected. 

(d) Control group of fifty female fish injected with Ringer’s solution. 

(•f) (trouj) of fifty female fish injected with ocstronc in Ringer’s solution. 

(o) Control group of fifty male fish wliich were not injected. 

((>) C’ontrol grou[) of fifty male fish injected with sesame oil. 

(7) Group of fifty male fish injected with testosterone propionate in sesame oil. 

On 2S finly the first injections were given, and these w'crc repeated every third 
day. Riftocn fish from each group w'crc killed on IS August after tlie}'^ liad received 
seven injections, and a second .sample of about fourteen fish from eacli group was 
taken on S iSoptemhor after fourteen injections. Finally, after tw'cnt 3 ’'-one injections, 
the remaining fish, about thirteen in each group, w’crc killed on 20 September. The 
water remained throughout at the normal summer tap-w'atcr temperature. It varied 
bctw'ccn I‘l and 18^ C. with aji average of about IG-5° C. In no group was the mor- 
tality unduly high, and all the fish continued to feed actively. In tliose fish wdiich 
received injections of w'atciy solutions, tlio w'ounds due to tlic lypodermic needle 
healed rapidly, but in those injected 'with oily solutions there wms abdominal distension 
and healing \vas much slow'cr. In these latter fisli at Uie end of the experiments the 
w’ounds censed to lical properly'', but even this did nob cause any great mortality. 

All the fish \vcro Icillcd bj’' a quiclc incision througli the spinal cord just behind the 
skull, and after the bodj" caviij^ was opened they ^Yc^c fixed whole for 2 days iu 
Bonin’s fluid before being transferred to 7Q% alcohol. The reproductive sj^stems w^ere 
then dissected out, and transverse and longitudinal sections of the gonads and gono- 
ducts were cut to a thickness of 7 /x. The sections were stained either in Heidenhain s 
iron haematoxjdin and van Gieson’s stain, or in Mayer’s haemalum and orange G. 


OBSERVATIONS 

Normal oogenesis Female imnnoios 

After the spawming season tlie production of new oogonia proceeds rapidly in the 
ovary of the minnows and during the summer months manj^ oogonia grow’ and are 
transformed into primaiy oocytes of the jnumaiy grow^th phase. A few^ larger primary 
ooc 5 ^tes of the secondaiy growdrh phase, probably left over from the previous year s 
cycle of maturation, are also present, and there are masses of old follicle cells \vhich 
are liomologous with the corpora liitea of the mammals. In early autumn there is a 
great increase in the size of the ovary due to the rapid production and gimvth of 
primary oocytes of the primaiy and early secondaiy growth ifiiascs. Little further 
change takes jfiace during the late autumn and wdnter, and the final growth and 
maturation of the ooc 3 ^tes begins ii'i early spring. A more detailed description of these 
processes has been given by Bullough [1939]. 

The mode of origin of the new oogonia, wdiich are formed in the ovary of 
minnow in early summer, was stated by Bullough to be uncertain, and the possibility 
w^as suggested that, as is reported in the eases of Plenronecfcs limanda L. [Wheeler, 
1924] and Gasterosteus acnlcatus L. [Craig-Bennett, 1930], some of the old follicle oo s 
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of the previous year give rise by direct growth to the new supply of oogonia. It 
has now been found that this supposition was incorrect, and the true mode of origin 
of the new oogonia has been determined. The ovary of the minnow is bounded 
externally by a very thin connective tissue sheath, the tumca albuginea, and im- 
mediately outside this sheath are isolated groups of cells which form a discontinuous 
germinal epithelium. In the distended pre-spawning ovary in early spring the pat dies 
of germinal epithelial cells are tightly stretched and widely separated, and the cells 
are best observed in the smaller post-spavuiing ovary. Here they are seen to be 
roughly cubical in form ^vith a nuclear diameter of about 9 /x. The tunica albuginea and 
germinal epithelium are normally thro\vTi into deep folds which extend dovm into the 
centre of the ovary between the developing oocytes, and at the hUus of the ovary the 
patches of germinal epithelium are continuous with the peritoneum. In post- 
spawning ovaries in July and August, many cells of the germinal epithelium vrere 
found to be actively dividing. It is probable that these mitotic divisions sometimes 
result in the production of new cells of the germinal epithelium, but it was also clearly 
apparent that they frequently result in the production of new oogonia which pass 
through the tunica albuginea and remain attached to it on the inner surface. It is also 
possible that some of the mitoses result in the production of follicle cells, as each new 
oogonium has two or three of these cells in close association as soon as it is formed. 
It was observed that the cells of each patch of germinal epithelium often divided about 
the same time (Plate 1, fig. 2), and gave rise to a group of five or six young oogonia 
together vith their follicle cells. The subsequent growth of the group of new oogonia 


was not necessarily synchronous, and usually one or two of them grew much more 
raj)idly than the others (Plate 1, fig. 1). These groups of .small oogonia were ven' 
common in the ovaries of fish taken in August, and even at the end of that month 
mitoses of the germinal epithelial cells were observed. As the germinal epithelium 
commonly extended into the centre of the ovary, the mitoses and the groups of young 
oogonia were present not only on the surface but throughout the whole organ. 

Towards the end of August the numbers of mitoses obser\’ed became rapidly less, 
and in early autumn a great increase in the size of the ovary took place due to the 
rapid growth of the oogonia and 3 'oung primary oocytes. Tliereafter, tliroughout Jato 
autumn and winter, very small oogonia were not commonly seen, and no mitoses of 
the germinal epithelium were observed. It ajipcared tliat the production of new 


oogonia, if it did not entirely cease, slowed considcralily. During the jieriod of rajiid 
growth of tlie ovary in carl}" sjiring, young oogonia were still uncommon, and a lack 
of activit}" of the germinal epithelium of activel}' growing ovaries was also noticed 
in minnows subjected to extra light and warm conditions in \nntcr. When tJic 
ovaries were fully developed, however, the active production of new oogonia from the 
coils of the germinal epithelium started once more. Wlicthcr the rate of jiroduction 
of new oogonia is as active at this time as it is in the ]>o<l-spawning ovary wa- dinh-ult 
to determine owing to the groat size of the prc-sjiawning ovary and the con>cqiif nt 
wide separation of the patclies of germinal epithelium. The conclnriun was. however. 
michiMl that tlic [hmU of activity of (he germinal epithelial cells does not oc ur until 
juvt after spawning is c'ompleted. 
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Kxpcrivicnlal i nvcsligcjltoiu^ 

At (he beginning of Mio injeelion cxj)oriincnlfl, in Into July, the ovaries were in the 
small i)ost‘Si)a\vning condition. 'Phe germinal epithclia were active, and there were 
nnml)eis oi oogonia and primary oocytes of tlic j)rimary and early secondary growth 
phases as (leserihod above, as well ns several small masses of old follicle cells, the 
cor{)ora Intoa . i his is (ho normal a])pcaranco of the minnow'^ ovary at this time of 
3’car, and a))art from (lie continued jiroduction of new oogonia and tlie partial dis- 
ai)pcarancc of ( ho ‘ corpora lutoa \ i here was little variation from this general structure 
in the ovaries of (lie control fish killed on IS August. I33'’ S and 29 September the 
activi(y of the germinal epithelium appeared to have almost ceased, and therefore 
few very 3"Oung oogonia wore in cvnclcnce. The ‘corpora lutca’ had nearly all dis- 
appeared. The ovaries of (he fish injected for control pnrjioses with Ringer’s solution 
w'crc indistinguishable from tliosc of the normal controls. 

In the fisli injected with ocstrono in Ringer’s solution tlio ovaries show'ed immediate 
changes. After onl}' seven injections the larger primar3^ oocytes in the secondary 
growth phase showed disintegrative changes wJiich included vacuolation and loss of 
structure of the C3doplasm, 3"olk, and nucleus. After fourteen injections man}^ 0003^05 
w'crc reduced to homogeneous lightl3’' staining masses, still, how’ever, surrounded by 
the vitelline membrane. I’his membrane became thinner, and finall3% as it broke down, 
the remnant of each 0003^0 w'as invaded b3^ masses of small follicle cells. After 
tw'cnt3^-onc injections the breakdown of man3" of tlie largest oocytes 'was completed, 
and all tlie j)rimary ooc3dcs in tlic secondary growth phase were in some stage of 
breakdown. None of the primar}’" 0003^03 of the primary growdh phase and none of 
the oogonia w^crc aficctcd in this W'a3’', and the3^ all appeared normal. 

The breakdown of the largo primar3^ oocytes w^as the most obvious effect produced 
b3'^ the ocstrono, but there w^as a second, and more important, effect. The injections 
indxiccd great mitotic activity in the cells of the germinal epithelium, and this had 
tw^o results. First, the number of germinal epithelial cells increased. As a consequence 
the patches of germinal epithelium were more extensive, and over considerable areas 
tliey became confliicnt. This joining of the patches was also lielped by the shrinkage 
of the surface of the ovar3^ as the large primary ooc3^tes broke dowm. The second 
result of the abnormal mitotic activit3^ of the germinal epithelial cells under the 
influence of oestrone was the production of very large numbers of small oogonia. Tlie 
germinal epithelium \vas so extensive and the number of oogonia produced so great 
that, instead of being present in small groui)s as in tlie normal ovaries (Plate 1 , fig- 1 )» 
the oogonia were seen in the sections either in big masses of tAventy or thirty (Plate 1 , 
fig. 3) or in long row^s. In tlie solid ovaiy these oogonia must often have been present 
as extensive sheets of cells tying just under the tunica albuginea. Both these effects, 
the increase in tlie numbers of gerininal epithelial colls and of j^onng oogonia, ^vere 
evident after seven injections of oestrone, but the full response was not apparent until 
September in those fish given fourteen and twenty -one injections. This is brought oat 
in Table 1 , wdiich show^s the average number of oogonia present in twenty siniilai 
longitudinal sections of one ovary of each of the expei'imcntal groups. Each figure 
represents the average of counts made on one of the ovaries from each of ten 
individuals. Because of the size of man3'’ of the oogonia, the same cell w^as often 
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Table 1. Numbers of oogonia 'present in liventy median longitudinal sections of an ovary 
from the control and oestrone-injccted groups. Each figure represents the average of 
counts from ten ovaries 


Date 

Control 

0 estrone-in] ee ted 

27 July 

1,266 

— 

18 Aug. 

1.720 

4,312 

8 Sept. 

3,269 

11,216 

29 Sept. 

2,023 

14,067 


represented on several successive sections. The counts were therefore made on every 
third section. It is seen that in the control minnows during September the number 
of oogonia decreased due to the fact that the stock was being dra\ra upon for the 
formation of primary ooc 3 rtes while no new oogonia were being formed. Even at the 
end of that month, however, the epithelial cells of the oestronednjected minnows 
were still actively undergoing mitosis and producing thousands of new oogonia. 

. Male minnows 

Normal spermatogenesis 

The normal yearly cycle of spermatogenesis in the adult minnow has been described 
in detail by Bullough [1939]. Briefly it may be summarized as follows. After the 
spa\\Tiing season in June and early July, there is a period of reconstruction within the 
testis, and during the summer some new cysts of spermatogonia are slowly produced 
by the mitotic divisions of a few of the primary germ cells. These processes are greatly 
accelerated in autumn, and by the end of October the first primary spermatocytes 
appear. Little change takes place in the colder months, but in early spring the 
production of new spermatogonia slackens, while that of tlm secondary spermatocytes, 
spermatids, and spermatozoa proceeds rapidly. Fish taken in early June possess 
testes and vasa deferentia distended with great masses of spermatozoa. 

Experimental investigations 

The testes of the control minnows kOled in late July were in the normal post- 
spawning condition. The processes of reconstruction had just started, and in the 
thread-like testes divisions of the primary germ cells and spermatogonia were slowly 
proceeding. In this way small cysts of spermatogonia were established within the 
lobules, and these processes continued slowly during the course of tlie experiments. 
The control flsh taken on 18 August and 8 September differed little, and a section of 
the testis of a minnow in late July (Plate 2, fig. 4) could represent them equally well. 
By 29 September the rate of production of the spermatogonia had quickened (Plate 2, 
fig. 5), and the testes were slightly enlarged. The testes of minnows injected with 
sesame oil were normal. 

In those fish injected with testosterone projiionatc in .«c<amc r)il there was im- 
mediately some stimulation of those mitotic dirisions which had l>cen slowlv taking 
place within the testis. After seven injections mitoses were relatively common, and 
in a few iiuliv'idiials some primaty spcrmatocylcs had ap]\enrc<l. As a eonsetjucnce the 
testes were enlarged. After fourteen injections crmsiflcmblc changes had occurred, 
.and primary and secondary s]>cnnatocytc'=. .spennatids and sj>ennnt/» 7 .oa were 
cinnmon. The s]x^nnato7oa had been imme<liately n?lea*ied fmin the te-1i-, and llmv 
wem pn^'-ent in largo nu!nl>cr< in (he va*? deferent which harl itvelfnrquirod an njK*nin*g 
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to lh(i I'xtrrior, Coin|)I(;((* spornuifo^orK'.Mis had been induced, but the already ex- 
hausted post -sj>a\vning testis only produced n sinall fraction of the spermatozoa 
nonnally pnwnt in the lureding seasorn 'I'hc testes did not s\vell up, and as the 
sjKuanalozoa j)assed from llioni into t he vnsa deferontia, tlicy \vc ro grcatlj^ reduced in 
size. After twonty-one injections the effects were even further accentuated. More 
and more s])crmatozoa had boon prochu’cd, bad left tlio testis and had been shed to 
the exterior. 'I’lio organ was then extremely thin and small. It contained all cell 
stages from a [)rimary germ cell to a full 3 " dcvcloj)ed spermatozoon (Plate 2, fig. 6), 
but a very large number of the ('clls prc.scnt formed a resting reserve of primary 
germ cells and spermatogonia which were ujiparentl}’' unafTected by the treatment. 

'Pablc 2. Propoiiion oj dijfcrcni cell types in the testes of control and testosterone- 

treated ininnows 
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29 Sopt. 
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I’riiniiry perm colls 
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22 
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18 

Sporrnntoponm 
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78 
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0 

0 

0 

0 

(6) Miujwtrs injected with 

testosterone 

propionate 



IVimnry germ colls 

— 

10 

7 

2 

Sponimtogonift 

— 

82 

20 

9 

Spormotocytes 

— 

S 

45 

IG 

Sporrnatuls 

— 

0 

9 

4 

Spermatozoa 

— 

0 

19 

69 


Table 2 illust rates tliesc results. Estimations were made of the relative jiroportions 
of the different cell types in the testes from control and injected minnows. In each 
case the estimations were made on comparable areas of the longitudinal sections of 
ten testes, over 10,000 cells being counted for each estimation. 

DISCUSSION 

The observations and e.xperiments recorded hero demonstrate the source of new 
oogonia in the ovary of the minnow and the effect of the sex hormones on gauieto- 
genesis. Oestroiie is shown to stimulate the mitotic activity of the germinal epithe- 
lium with resulting production of new oogonia, and the testosterone propionate 
induces complete spermatogenesis in the testis. Tliese results have been verified by 
Spaul & Bullough (unpublished) wlio performed similar experiments in late autumn 
and early winter. In similar conditions to those described here, the same responses 
were obtained to injections of the two sex hormones. TJie only difference was the 
quicker completion of spermatogenesis. Full summer recovery having taken place, 
the testes were stocked with masses of spermatogonia and primarj'^ spermatocytes so 
that the organ was better able to respond to the treatment. Complete spermato- 
genesis was achieved after only nine injections. Even at this time of year, however, 
not nearly so many spermatozoa were produced as in the normal breeding season, and 
at the end of the experiments, wlien most of the spermatozoa liad passed into the vasa 
deferentia, the testes were thin and small. One important point demonstrated by 
these injections in autumn and ivinter was the effect of temperature. Bullough f 1939j 
sliowed that a certain minimum temperature, about 10° C., is necessary before 
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minnows vfiW respond by full maturation to extra light in ^vinte^, and Spaul & 
Bullough also showed that the same minimum temperature is necessary before they 
can respond to the sex hormones. The gonads of injected minnows kept at 9 C. 
showed little or no change. 

Sex hormones have been injected into normal animals of many other species, 
although the effects of the female sex hormone on the ovary do not appear to have 
been so frequently examined in detail as the eifects of the male sex hormone on the 
testis. A review of the literature concerning the effect of oestrogens on the female 
has been made by Allen, Hisaw & Gardner [1939], who reached the general conclusion 
that, at least in the mammals, such treatment generally has an inhibitory or depressing 
effect on follicular development. Sterility and abortion are produced. Nobody 
appears to have noticed any effect on the cells of the germinal epithelium, a fact 
perhaps due to the general lack of belief that these cells do have cyclic phases of 
activity during which they produce new crops of oogonia. Male sex hormone, when 
injected into normal male animals, has produced variable results. Wells & Moore 
[1936], using the ground squirrel GiieUtis iridecemlineaiiis, an animal which like the 
minnow has a pronounced winter anoestrus, have shown that injections of andro- 
stcrone or testis tissue extract cause the appearance of spermatozoa precociously in 
young am’raals and unseasonably in adults. They also produced similar results vrith 
pregnancy urine and other gonadotropic agents such as fresh pituitary tissue. Wells & 
Gomez [1937] have also induced testicular activity in young and old, normal and 
hypophyscctomized ground squirrels by treatment with androsteronc or testosterone 
acetate, but against these results there is a considerable volume of evidence, sum- 
marized by Moore [1939], which demonstrates harmful effects of male sex hormones 
on the testis. In young rats testicular development is inhibited by injections of testis 
extracts or of androsteronc or testosterone. !Moore & Price [1932] have explained this 
by suggesting that an excess of oestrogen or androgen in the body inhibits the 
secretions of the anterior pituitary gland so that insufficient gonadotropin is produced 
for the stimulation of the normal development of the gonads. They therefore consider 
that the injurious effects on the testis are indirect. Moore & Price [1932] have also 
shown, however, that adult rats wlien injected with androgen show neitlicr injurv nor 
stimulation of tlic testes, while Cutuly Sc Cutuly [1940] have performed experiments 
and summarized evidence to show that injections of androgen induce and maintain 
spermatogenesis in hypophyscctomized rats. 

In spite of the frequent reports of injurious or indifferent effects it does appear 
certain (liat, when sex Iionnoncs arc injected in the correct manner and in the correct 
doses, tiiey can induce the nuclear changes associated unth ganictogcncsis in both 
females and males. In the female the effect is shown in the .stimulation of the first 
nuclear division of oogenesis, the division of the germinal cj»ithclial cell to form the 
oogonium. Tlic gniwth of tlic egg in tlic fish, like tliat of the follicle in the mammal, 
ap]>oars to depend for stimulation not on the oestrogens, which arc shown to 
injiiriou*^ to tho<c ])n>eesses, but prol)ably to the direct action of .‘^ome .‘accretion of 
the anterior pituitary gland. In the male, siK-rinatogcncsis is almo-t enfin-Iv ron- 
t'crned witli ndl divi'-ions, cither inito-C'^ nr moioecs, and these nn.^ stirnnlatH by 
andniet'nv in the minnow, flic ground squirrel atul p^w-ihly tlie rat. It i< inten -tirm 
to note, houevor. that in the minnow large numlK'rs of primary germ «’\U and sjxTma'- 
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logoiiia u oro not iifToofcd by (Iio nialo sox Jinrmonc, This raises the question of whether 
only a cerlain ntnnhor of (hose rostitif; rcsc'rvo colls can bo stimnlatod to develop each 
season, and wbollior tbo roinaitidor, con( inning dormant in a manner analogous to 
(lie pupation diapause of many insects, cannot be stimulated even by artificial 
treatment. 

J bo tentative conclusion is rcaclicd that, at least in tlic minnow and the ground 
squirrel, the primary enbet. of tbo gonadotro[)ie secretions of the anterior pituitary 
gland is to cause the secretion by the gonads of a sex hormone which in turn acts on 
the goruuls and induces the nuclear divisions a.ssociated with gametogencsis. This 
theory would fit many known facts concerning the reproductive cycle of the minnow. 
In the female in early sjuing the period of growth of the eggs is not associated with the 
opening of the oviduct [Bullough, in.lO], a liaj)j)ening which is controlled b}’’ oestrogen. 
During this ])eriod, therefore, it docs notapi)car thatthc ovary produces any significant 
quantity of oestrogen, and, in consequence, no breakdown of the larger eggs takes 
])la,cc and no activity is observed in the colls of the germinal epithelium. Only' at the 
very last moment Ijcfore simwning docs the oviduct acquire an opening to the 
exterior. At this time the germinal epithelium becomes active, and the final inaturn- 
tioii divisions take place, themselves po.ssibly' induced by' the sudden secretion of 
oestrogen. Not enough time is available for any destructive changes to appear in the 
large eggs before they' arc shed. It appears that oestrogen continues to be produced 
(luring the early' summer causing the mitoses of the cells of the germinal ejn'thclium 
and ])reventing the growth of eggs in the secondary' growth phase of the primary' 
oocyte. When this secretion ceases in late summer, the activity' of the gcrniinnl 
epithelium also ceases, the larger eggs are again able to develop, and the autumn 
buret of ovary growth ensues. In the male there is a diftcrent timing in the ywoduction 
of the sc.x hormone. The opening of the vas deferens to the e.xtciu’or and the develop- 
ment of the brilliant nu])tial coloration take place at the same time as the rapid 
growth of the testis in early' sjiring [Bullough, 1939], and it is probable that the 
maturation of the germ cells, like the development of the accessory' and secondary' 
sexual characters, is caused by androgen. Tlie secretion of androgen does not appear 
to continue after tho spawning season. 

It is interesting to note the specificity of -the stimulating effects of the two sox 
hormones. It was shown by Bullough [1940] that male se.x hormone disintegrates the 
ovary of tho jninnow, and that the same effect is evident in the testis after injections 
of female sex hormone. Similar effects have been reported in such other animals ns, 
for instance, rats [Golding & Ramirez, 1928] and sparrows [Ringoen, 1938]. Moore & 
Price [1932] have again exydained this effect as due to the supfiression of the anterior 
pituitary' secretion because of the antagonism of the unusual quantities of sex hor- 
mone, but their theories may' need some modification now that tho specific stimulating 
effects of both oestrogen and androgen have been demonstrated. 


StJMMABY 

1 Short accounts are given of gametogencsis in the minnow {Phoxmns lacvis L.), 
and a more detailed description is included of the method of formation of now 
oowonia. It is shown that new oogonia appear in fate spring and early summer duo 
to the niitotic activity of the cells of the germinal epithelium. 
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2. The effects of injections of oestrone on the post-spawning ovaries are described. 
Oestrone causes the breakdown of the primary oocytes in the secondary growth 
phase, and at the same time stimulates the mitotic activity of the germinal epithelial 
cells so that abnormally large numbers of yoimg oogonia are produced. 

3. The male sex hormone, testosterone propionate, causes mitosis and meiosis to 
take place rapidly in the post-spawning testis, and it is possible to induce full sperma- 
togenesis with the development of large quantities of spermatozoa. 

4. The conclusion is reached that, in the minnow, oestrogen stimulates at least one 
of the divisions of oogenesis, and that androgen stimulates all the sijermatogenic 
divisions. Further, it is evident that the great growth of the primary oocyte, like that 
of the follicle in the mammal, is under some other control, probably the direct action 
of one of the hormones of the anterior pituitary gland. The suggestion is therefore 
made that, at least in some animals, the known action of the anterior pituite.ry gland 
in stimulating the nuclear divisions of gametogenesis is indirect, and is exerted through 
the intermediary of the sex hormones. 
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EXrL.VXATIOK OF PL.\TE 1 

Fio. 1. Group of three developing oogonia attached to tho germinal epithelium of a rainno^r killed u* 
August. X GOO. 

I in. 2, Mitoses of tho germinal epithelial celU of a minnow killed in July. x500. 

Fio. 3. Maw! of ncwly-formed oogonia in tho ovarj' of a minnow killed in September after 21 inj^vrtion'* 
of oestrone. x 600. 

Oe. germinal epithelial cell; gem. raito'^t*? of germinal epithelial cell; oog. oogonium; oogm. ma.=« of 
nearly .formetl oogonia; fa. tunica albuginea. 

IIXPLAKATIOX OF PLATE 2 
I in. 4. Section of testis from a minnow killed l.ate in July, x 260. 

Fm. 6. Section of testis from a mi.nnow killed late in September I'howi.ng ma.nv n'*wh'-form'vi 
logons. X 260. 

1 10. Ck Section of te-^ti^ from a minnow kilWl in S^ptetnb^r after 21 inj*v-tton« of pro- 

pion.ate. Onnpl^te Fjv*rmato:rf'n'^i'i ha^ l>ern in.iu'^l and of rjv^rmatoroa are pre-^r.*,. x 260. 

/ jT- primarj' perm cell; epg. rpermatoponium; ?perma!r.pnnia in rr.:to«U; #p:. fpK-rrr-atetoa. 

n»otomicrogmph^ by Mr J. Manby, Y.n.VS,, University of 
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The subcu(nncotis implant n( ion of compressed (ablets of pure crystalline material 
has firovcd a highly successful method of administering steroid hormones. The 
essential feature of the technique, which was introduced by Deanesly & Parkes [1937], 
and which has given particularly favourable results with ocstrone, ocstradiol, pro- 
gesterone, testosterone and deso.xycorticostcronc, is that it allows a very prolonged 
act ion for periods up to 3 'ears from a single administration, and a very Ivigh effective- 
ne.ss in relation to the total dose. The fact that months or years may be required for 
the complete nbsorj)tion of a tablet depends on the low solubility of the steroid 
substances in bod}' tluids, and it would be expected that the existing technique could 
be applied onl}' to substances of this kind. However, attempts have recently been 
made to adapt the implantation technique to the administration of a variety of 
other substances, some of them having a much greater solubility in body fluids than 
the steroid hormones. 

A stud}' of the absorption of adrenaline from subcutaneously implanted tablets of 
the jnire substance was made by Bottomlcy, Folley, Walker & Watson [1939], who 
used the method to investigate the effect on milk sugar of a prolonged rise in blood 
sugar. They implanted single tablets of adrenaline weighing about 50 mg. into goats, 
and tablets totalling 490 mg. into a heifer. There was an increase in blood sugar for 
nearly 2 days, and, with one exception, the animals showed no untoward local 
reaction. Similarly, Goetsch [1940] implanted tablets of adrenaline weighing about 
100 mg. into rabbits and found clear physiological evidence of absorption, which was 
substantiated by the fact that after removal the tablets were found to have lost about 
6 mg. of substance jjer day. 

Parkes & Young [1939] investigated the possibility of administering insulin by the 
implantation of solid material. They found, that 6 mg. pellets of either crystalline or 
low-zinc insulin, containing 100 units, v'ere absorbed within 24 hr. The effect on the 
blood sugar was little different from that of a single subcutaneous injection. Mark & 
Biskind [1940] confirmed this result as regards crystalline zinc insulin, but further 
found that the addition of 20 % of protamine to the zinc insulin pellet greatly pro- 
longed the effect obtained by implantation. A more comprehensive experiment ^yas 
carried out by Cutting, Morton & Cohen [1941] who made pellets of crystalline zinc 
insulin to wliich had been added various excipients, including cholesterol, Avhich they 
found to be the most satisfactory. 

A small amount of Avork has also been carried out on the administration of thy- 
roxine in solid form. Greene & January [1940a] reported that slight absoiption only 
took place from tablets of thyroxine implanted in dogs and men. Wokes [1941], 
hoAVCA'er, obtained clear evidence of physiological effect by producing symptoms oi 
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hyperthyroidism in normal gninea-pigs by the implantation of tablets of thyroxine. 
He found that the tablets had a very limited period of action, but this result is in 
sharp contrast to that obtained by Rowlands [1942]. 

Greene & January [19406] carried out implantation experiments in the treatment of 
diabetes insipidus 'with posterior pituitary preparations. They were able to obtain a 
relatively prolonged anti-diuretic effect in dogs by the implantation of pellets made 
of compressed desiccated gland, but the technique was not chnicaUy successful on 
account of the serious local reaction to the pellet. 

The gonadotrophins, vdth the exception of that from mare serum, are tjrpicaUy 
substances which require to be a dminis tered daily or twice daily in order to obtain a 
maximum effect. Early in the work on chorionic gonadotrophin Shelesnyak & Engle 
[1932] investigated the possibility of giving the whole necessary dose in one adminis- 
tration by inserting a coUodion sac containing the material into the subcutaneous 
space. Other experiments were carried out with compressed pills. The results were 
not notably satisfactory. Implantation of pituitary extract in powder form was tried 
by Loeser [1930] and by Jansen & Loeser [1930]. They obtained a definite biological 
response. More recently, Shuler [1941] has investigated the absorption of extracts of 
ox pituitary gland from tablets containing 25 mg. of the pituitary powder ^vith about 
20 % milk sugar. These workers obtained an effect as measured by increase of weight in 
the testes, ovaries or uteri of the experimental rats. The question of increasing the 
effectiveness of the extract does not seem to have entered into these experiments, 
but the observations are of considerable interest when considered in relation to the 
report of Meyer & MeShan [1941] that very frequent injection greatly increases the 
maximum response obtainable 'with ox and sheep pituitary extracts. 

The present paper describes an investigation into the possibility of adapting the 
implantation technique to the administration of non-steroid substances, '^rith special 
reference to the use of excipients. 

TECHNIQ'UE 
Prepara/ion of tablets 

The excipient, where used, was mixed very carefully with the substance to be 
administered, and tablets varying from 10 to 250 mg. were made in a hand tablet- 
making press. By varying the size of the punches and dies a machine of this tjq>e, 
which is a standard article of commerce, can be used satisfactorily for almost any 
size of tablet, greater than 10 mg., required for this type of work, and there seems to 
be no justification for the various improrised punches and presses of which extensive 
accounts have appeared in the literature. 

Implantation of tablets 

Tablets were implanted into rabbits and rats, under ether anaesthesia, usually into 
the fiank, and it has been found possible to insert as many as five 100 mg. tablets into 
one subcutaneous i>ockct in either sj)ccies. All the experiments dcscrilx^d l>elow 
vere performed on rats unless it is definitely stated that rabbits were used. 
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iti:si;r,Ts 

ICxcipinifs 

In ll»c caso of highly wutor-aoliihio Hiih.sfnnces il was found Mint a tablet made without 
excipient wUvS rapidl^^ dissolved and aI)sorbcd l)y the subcutaneous tissue, and a 
pcarcli was thcroforo made for a suilablc excipient, tlic slow absorption of which 
would continuall}' free small amounts of the active substance. It was soon found, 
however, tliat a highly water-soluble substance was extracted from the tablet by the 
(issues even where the cxeij)icnt was present in considerable excess and was itself not 
absorbed in M'eigluiblc amounts. In the case of highly water-soluble substances, 
thereforo, the criteria of a suitable excipient arc that it should Jiold up the absorption 
of the substance as long as dcsiral>lc, that it should not cause a local reaction, and 
that it should facilitate or at least not impede tablet making. Except for laboratory 
cx])criments, it is also obviously desirable that the excipient itself should ultimately 
be absorbed. In the case of less water-soluble substances, notably for thyroxine, 
which in tablet form is absorbed extremely slowly, the excipient sliould be designed 
to facilitate ratlicr than to delay absorption. For such a purpose the excipient itself 
must be absorbed fairly rapidly so that a constant suppl^^ of the active substance is 
shed into the subcutaneous space. 

A largo number of substances were examined for tlicir possible usefulness as ex- 
cipients, attention being restricted to those which could be obtained in quantity and 
which fulfilled some or all of the criteria mentioned above. In rejecting unpromising 
material it was assumed that a substance wliich did not beliavc 'well wlien implanted 
alone \vas unlikely to improve the characteristics of a compound tablet. This assump- 
tion is not necessarily correct, but some limit lind to bo sot to tlie scope of the in- 
vestigation. Interesting information, summarized below, was obtained about many 
of the substances wliicli were rejected for the iminediato purpose in view. 

Snbsiances rejected 

Stearic acid. Two tablets of about 100 mg. were implanted for 20 days. At tlie end 
of this time, one apj^eared to liave lost 1 mg., the otlier was unchanged in weight. In 
general, stearic acid seemed to beliave like cholesterol and to have no advantages 
over it. 

Palviitic acid. Tablets of palmitic acid were found to disintegrate rapidly. 

Uric acid^ starch, kaolin. Tablets made of these substances all disintegrated or went 
to a soft paste within 2 days. 

Lniinisterol, crgosterol, sitosterol. The fact that cholesterol promised to be a useful 
excipient of the non~absorbed type led to the examination of similar inert steroids in 
the Jiope of finding one as effective as cholesterol in retarding the absorption of 
water-soluble substances, but which ultimately underwent absorption. Lumisterol, 
ergosterol and sitosterol were, however, examined without revealing any particularly 
favourable characteristics. A series of 40 mg. tablets of each was imidanted into rats 
for 9 weeks. At the end of this time it was not found possible to demonstrate any 
regular loss of weight in the tablets, though two of those of lumisterol seemed to have 
lost a weighable amount. In the circumstances, the substances had no advantage over 
cholesterol which is more readily available. Moreover, the lumisterol seemed to liavo 
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undergone some chemical change, since the tablets, white when implanted, were 
yellow when removed — a change which has not been observed with any other sub- 
stance. 

Svhstanccs of the suVpJianilamide group. For the purpose of making tablets of active 
substances, it is obviously desirable that excipients should be biologically inert. 
However, the behaviour of substances of the sulphanilamide group when implanted 
subcutaneously in tablet form, which had been examined in another connexion, 
suggested that certain of them would make admirable excipients. It seemed, also, 
that no exception could be taken to an excipient having bactericidal activity ; on the 
contrary, this action might be of considerable value, 

Sulphanilamide was foxmd to be absorbed very rapidly after implantation. In rats 
tablets of 50 mg. completely disappeared in 1 day; tablets of 100 mg. were about 
three-quarters absorbed in 1 day and almost completely in 2 days. In rabbits 
absorption was even more rapid, tablets up to 450 mg. in weight being almost com- 
pletely absorbed in 3 days. Experiment was then extended to the N^ -acetyl, -caproyl, 
-lauroyl, and -benzyl derivatives. Acetyl sulphanilamide was absorbed rather more 
slowly than sulphanilamide; tablets of 100 mg. lost only about one-half of their 
weight in 4 days. The rate of absorption of the other three compounds was of an 
entirely different order. 100 mg. tablets of caproyl sulphanilamide lost only 4 % of 
their weight in 6 days and 8 % in 30 days, while those of lauroyl sulphanilamide lost 
only about 1 % in 66 days. Benzyl sulphanilamide was absorbed at about the same 
rate as the caproyl compound, but, being more easily obtained, had definite advan- 
tages as an excipient. It is dealt with in detail below. Two other compounds of the 
chemotherapeutic group were examined: sulphapyridine and sulphathiazole. Both 
were absorbed more slowly than sulphanilamide, but more quickly than benzyl sul- 
phanilamide. 100 mg. tablets of sulphapyridine lost rather less than one-half their 
weight in 30 days; 100 mg. tablets of sulphathiazole lost rather more than half their 
weight in 10 days. Unlike the sulphanilamide derivatives, both caused some sfight 
local reaction. 

Substances used as excipients 

Cholesterol. Cholesterol was the first substance investigated as a possible excipient. 
It lias proved ver}^ satisfactory for delaying the absorption of water-soluble sub- 
stances, though the mechanism whereby it does so is not ob\nous. Probably the 
effect depends on decreasing the accessibility of the substances to the bod}" fluids. 
The chief disadvantage of the substance os an excipient is that after absorption of the 
active substance the cholesterol matrix remains indefinitely in the subcutaneous tissue. 
The data concerning the behaviour of tablets of cholesterol alone are given in Table 1 . 


Table 1. Absorptio7i from tablet^ of cholesterol 


Diimlion of 

Wcicht of tablet (mp.) 


implant At ion 

, ^ 

^ 

c/ 


When implanted 

Wlicn removed 

ab^rj)tion 

14 

SI 

81 



14 

72 

7f> 



77 

S4 

S4 



« f 

r>7 

&0 

1*9 

77 

4G 

4C 
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Tnl)lot^s •tt’cro implnnf ocl for as long as 1 1 weeks, hut one only showed an}' loss of weight, 
and this loss was of the order which it is difficult to be certain about in experiments of 
this typo. A lest was then made ns to wbether the absorption w'ns increased when the 
cholcsfcrol lablot was of the ‘.sponge’ typo left after absorption of a highly soluble 
substance. A 08 mg. tablet was made of fi0% dextrose and 50% cholesterol, and 
implanted for a month. As shown in the next section, the dextrose is absorbed from 
a tablet of this kind in about 1 day, but at the end of the month the cholesterol sponge 
still weighed 40 mg. 

Benzyl sulphnnilamxdc. As mentioned above, it seemed that some substance of the 
sulphanilamide group might make an excellent excipient of the absorbable type. 
Benzyl sulphanilamide seemed to have a suitable rate of absorption and to be avail- 
able in quantity. The data for absorption are given in Table 2. The figures for 100 mg. 


Table 2. Absorption from tablets oj benzyl sulphanilamide 


No. of 
tiiblota 

Duration of 
implantation 
dnyB 

Avemgo weight of tablet (mg.) 

A 

0 / 

t 

Wien implanted 

^ 

Wien removed 

/o 

absorption 

5 

5 

75 

72-8 

2*9 

5 

5 

100 

97*4 

2*6 

5 

10 

76 

72*1 

3-9 

1) 

10 

100 

90‘4 

3-G 

5 

20 

75 

G7-C 

9-9 

C 

20 

100 

94-0 

6-4 

C 

30 

75 

G7-1 

10-6 

7 

30 

100 

91-4 

8-0 

4 

CO 

100 

CO 

17*5 


tablets are quite concordant, and show that slightly less than 10% is absorbed in the 
course of a month. With tablets of 75 mg., the figure for 20 days’ implantation is 
rather discordant, but in general the absorption of the smaller tablets, on a percentage 
basis, is similar to, though rather greater than, that for the 100 mg. tablets, as would 
be expected. 

Dextrose 

A tablet of dextrose inserted into the subcutaneous space is absorbed within a few 
hours, and it seemed useful, therefore, to carry out a model experiment on retarding 
the absorption of this highly soluble substance. 

With cholesterol 

It was found that a tablet consisting of dextrose and not less than 50 % cholesterol 
retained its size and shape indefinitely and could be removed cleanly, at any time 
after implantation, and the loss of dextrose determined by weighing. Tablets con- 
taining less than 60 % cholesterol disintegrated rapidly. Experiments were therefore 
carried out with series of tablets weighing approximately 100 mg., containing 10, 25 
and 60% dextrose, and implanted for periods up to 15 days. 

The results are given in Table 3. Where 90 % of cholesterol is present rather more 
than one-half of the dextrose is absorbed witliin 15 days. The absorption, however, 
is not regular, since 30 % is absorbed in the first day. With 25 % dextrose, more than 
80 % is absorbed within 16 days, of which half is taken up in the first day. Witli 60% 
dextrose, absorption is much more rapid, 90 % being taken up within 1 day and nearly 
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Table 3. Absorption of dextrose from tablets of dextrose and cholesterol 

Average weight of 
tablet (mg.) 




Duration of 


k 

Averag< 

3 dextrose al 

Dsorbed 


Ko. of 

implantation 

When 

When 




% 


/o 


dextrose 

tablets 

days 

implanted 

removed 

mg. 

Daily % 

10 

10 

1 

100-0 

97-0 

3-0 

30-0 

30-0 

10 

17 

3 

99-8 

96-2 

3-6 

36-1 

3-0 

10 

17 

5 

99-0 

94-6 

4-4 

44-4 

4-2 

10 

17 

10 

99-8 

95-1 

4‘7 

47*1 

0*5 

10 

15 

16 

100-0 

94-3 

5*7 

57-0 

2-0 

25 

5 

1 

100-0 

89-4 

10-6 

42-4 

42-4 

25 

11 

3 

97-5 

83-5 

14-0 

57-4 

7-5 

25 

5 

6 

100-0 

82-8 

17-2 

GS-8 

6*7 

25 

10 

10 

100-0 

81-3 

18-7 

74-8 

1*2 

25 

5 

16 

1000 

79-2 

20-8 

83-2 

1-7 

60 

12 

P’1 

99-2 

54-2 

45-0 

90-7 

90-7 

50 

7 

2 

98-3 

52-6 

45-7 

93-0 

2-3 

50 

2 

3 

99*5 

50-5 

49*0 

9S-5 

2-7 


all the rest \\dthiii another 2 days. At all the concentrations examined, therefore, 
absorption during the first day is much greater than it is later. This relationship 
between duration of implantation and amount absorbed is in marked contrast to 
the linear correlation seen in the case of homogeneous tablets, particularly of steroids. 
The effect is no doubt due to the dextrose near the surface of the tablet being much 
more accessible than that more deeply embedded in the unabsorbable cholesterol. 
Even ^nth the present crude technique, however, appreciable amounts of dextrose 
are still being absorbed during the second week of implantation from tablets in which 
the initial concentration of dextrose was 10 or 25%, a condition very different from 
that seen after implant-ation of tablets of dextrose without excipient. It remains to 
be seen whether the technique can be improved sufficiently to allow regular dosage 
of such a highly soluble substance being administered over a period of time b}’ the 
implantation technique. 

The validity of the method of calculating the amount of dextrose absorbed was 
checked in the case of nine tablets by chemical estimation of the residual sugar. The 
data are given in Table 4. In the first two experiments the correspondence between 


Table 4. Calcxdatxon of residual sugar in dextrosc-cholesicrol tablets 




Average weight of 

Average rc^»iduAl 

Averaee % sugar 



Inblcts (mg.) 

sugar (mg.) 

absorbed 

O' 

/o 

No. of 

Wlicn 

WTion 

By weight 

By chemical 

f 

Bv weight B%- cbcmical 

dexlroso 

tablets 

implanted 

removed 

differenee 

estimation 

diffcrrnce estimation 

10 

5 

100 

9CG 

C-C 

5-9 

34-0 41-0 

25 

o 

92 

7G 

7-0 

C-3 

C9 4 72 C 

60 

n 

94 

60-5 

3-5 

02 

02-0 99-5 

the two 

methods 

of cstimatin 

g the res 

idual sugar is reasonably 

good. In the third. 


disturb ^crin\i^ly the calculation of the j>crccntaee of siigar alKorbod. It will b- 
noticed that in all throe experiments the amount of residual stigar calc’ilatod !>v 
weight difference is slightly greater than that given by chemical c«tirnation. The 
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Rignificuiicc of thifi fiict is not cloiir. Possiljly the chemical extraction of the residual 
sugar from the cholesterol was not complete; more probably, the final weights of the 
tablets were slightly augmcntcrl by dry matter from the body fluid contained in the 
tablets when removed. 

IKiV// benzyl sulpha nilmnidc. 

It was soon found that benzyl sulphanilamide had little effect in retarding the 
absorption of dextrose. TJius, five 100 mg. tablets containing 25 % dextrose and 75% 
of the excipient decreased in weight to an average of 75-6 mg. after implantation for 

I day, and chemical estimation showed an average of only 0-00 mg. of residual sugar 
in the tablets. Again, five 100 mg. (ablets containing 1 0 % dextrose lost an average of 

II mg. in 1 daj', and the tablets when removed contained only 0-03 mg. of residual 
sugar. Similar tablets implanted for 3, 5 and 10 days showed a progressive but much 
slower decrease in weight due to the absorption of the benzyl sulphanilamide. At 
20 and 30 days tablets which had originally contained 25% dextrose and 75% benzyl 
sulphanilamide were found to have disintegrated ; presumably the benzyl sulphanil- 
amide ‘sponge’ loft after absorption of the sugar was unable to maintain its shape 
after absorption liad proceeded to a certain stage. 

Thyroxine alone Thyroxine 

In a preliminary experiment two tablets of 40 mg. and two of 20 mg. failed to 
show any' weighable decrease in size after implantation into rats for periods up to 
16 days. Difficulty was, however, experienced in dissecting out the tablets cleanly, 
and, at best, losses in weight of less than a milligram could not have been recognized 
with certainty. This difficulty recurred in all experiments with tablets of free tliy'roxine 
alone. In a later e.xperiment five tablets of 25 mg. were implanted into each of two 
rabbits which were killed, respectively, after 82 and 207 days. The tablets when 
removed were all soft and tightly encapsulated and those from the first rabbit were 
too badly damaged to weigh. Four undamaged tablets were obtained from the 
second animal ; they appeared to average a fraction of a milligram less in weight than 
when implanted. A similar experiment was carried out with 50 mg. tablets, the two 
rabbits being killed at 54 and 207 day's respectively'. Four undamaged tablets were 
recovered at 207 days. These appeared to average a fraction of a milligram more 
than when they were implanted. It is clear, therefore, that under the conditions of 
the experiment no weighable amount of tliy'roxine is absorbed from tablets of 25- 
50 mg., even in the course of many months. Rowlands [1942] has, however, shown 
by experiments on thyroidectomized rats, that minute amounts of thyroxine, capable 
of maintaining normal growth, are absorbed from tablets of this kind. 

Thyroxine and excipient 

Cholesterol was first used as an e.xcipient with thyroxine in the hope of improving 
the condition of the tablet on removal and making possible more accurate weighings. 
Two 20 mg. tablets containing 50 % cholesterol were implanted for 1 1 day's, when it 
was found possible to remove them cleanly. No loss of weight was detected. A long- 
duration experiment was tJien put on in which five 25 mg. tablets containing 60 % 
cholesterol were implanted into each of two rats. The tablets were removed from the 
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first rat at 42 days, and from the second at 167 days. In both cases the tablets were 
firm, and it was found possible to dissect them cleanl3’'. No loss of weight could, 
however, be detected. 

In an attempt to expedite the absorption of thyroxine, trials were made with three 
different excipients which are themselves absorbed rapidly — dextrose, sulphanil- 
aniide and sulphathiazole. In no case did the excipient exceed 50 %, but even so, of 
twenty-one tablets, 20-40 mg, in weight, aU except two disintegrated in a few daj's 
leaving behind an amorphous residue, presumably of thyroxine. The remaining two, 
containing thyroxine and sulphathiazole, were still solid and of their original shape, 
but they could not be removed quantitatively. 

A further experiment was carried out using benzyl sulphanilamide as an excipient 
(Table 5). Comparison of the figures vith those for benzyl sulphanilamide alone 
(Table 2) suggests that the presence of thyroxine slows dovm the absorption of the 

Table 5. Absorption from tablets composed o/40% thyroxine and 
60% benzyl sulphanilamide 

Average weight of tablet (mg.) 



Diiration of 

r~' 

, 

Amount 

No. of 

implantation 

When 

When 

absorbed 

tablets 

days 

implanted 

removed. 

mg. 

6 

5 

50 

49'C 

0-4 

5 

10 

50 

48-6 

1*4 

4 

15 

50 

48-2 

1-8 

5 

20 

50 

47-6 

2-4 


excipient, thereby stultifying calculations based on weight changes. Work on the 
physiological effects of such tablets \W11 be required before the usefulness of adding 
soluble excipients to thyroxine can be judged. 

Promising results have been obtained b}’ the use of the more soluble sodium salts 
of thjToxine, but publication of these is temporaril}’’ postponed. 

Adrenaline 

Preliminary experiments on rats showed that the implantation of tablets containing 
a high percentage of adrenaline was unsatisfactory’. Even small tablets ( 1 0 or 25 mg.) 
of the undiluted substance caused a severe local reaction, while larger tablets (100 mg.) 
containing 50% adrenaline and 50% cholesterol yielded a dose of several milligrams 
in a few days and proved lethal in most cases. Tablets containing 25 or 15 % adrenaline 
were more promising in an initial test — there was no severe local reaction and the 
dosage yielded was not apparently excessive. The experiment detailed in Tabic 0 
"ns then carried out. From tlic results it may be concluded that tablets containing 
lo /o adrenaline and 85% cholesterol lose between one-quarter and one-third of their 
hormone content in 28 days. The figures obtained suggest that the absorption from 
tablets of this kind is fairly’ regular over a 4-wcek j>eriod. Satisfactoiy* results vere 
also obtained with tablets composed of 25% adrenaline and 75% cholesterol. Al^orj*- 
t ion was more rapid, both absolutcK’ and on a percentage basi-^, than frotn tho'-e con- 
Jammg only 15% adrenaline. 7-5 mg., or about onc-thinl of that ori-innlly pn-ciit. 
>eing absorbed in 20 days. Moreover, in spite of the fact that the figina-^for s and 
‘ days are little different then’ is no c’onchisivc ovidencr' that the rate of al^orpibct 
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Tnblo 0. Absorption of adrcnnlinc. from tablets of adrenaline and cholesterol 


O' 

No. of 
tnblctJi 

Durntion of 

Avernpo u'ci'pht of tablet (mg.) 

* s 

Active fiubstnnco nb<5orbGd 

/O 

ndrcnnlino 

implantntioii 

(Inyn 

^ WJion 
iinplnntod 

When 

removed 



mg. 


^ 

o/ 

/o 

15 

3 

2-3 

100 

101 

0 



o 

14 

100 

08 

o 


13*3 

3 

28 

100 

05-7 

4-3 


28»7 

25 

n 

o 

JOO 

OS 

2 


8 

25 

1 

i 

100 

08 

2 


8 

25 

1 

8 

100 

00 

4 


10 

25 

o 

U 

100 

05-5 

4-5 


18 

25 

o 

20 

100 

02*5 

7-5 


30 

25 

o 

30 

100 

88-0 

12-0 


48 


tends to (locrenso within the time covered by tJic observations. It seems that a 
100 mg. tablet containing 25 % adrenaline will supply to the animal ratlier more than 
10 mg. of adrenaline in tlio course of a month. By increasing tlic number of such 
tablets the total dosage over the period could be increased indefinitely and it would 
appear, therefore, that the technique might be convenient wlierc clironic admiinV 
tration of adrenaline is required. 

hisuUn 


TJie work quoted in the introduction to this paper Jins sliown tliat tablets con- 
taining insulin alone arc absorbed quickl 3 % and experiments were therefore carried 
out on tJie possibility of delaying absorption b^'' the use of cholesterol as an excipient. 
The animals were not maintained under constant conditions of nutrition and tem- 
perature and no observations were made concerning metabolism, except as to whether 
or not tlie treatment was lethal. 

In preliminaiy experiments on rabbits low-zinc insulin was used in addition to 
cr 3 ^stallinc material. Tlie former was used at 5 , 10 and 15 %, tlie latter at 10 and 
15%, with the cholesterol excipient. Tablets were of ap])roximatel 3 ^ 100 mg. The 
iniplantatiozi of tablets of all three concentrations was letlial in some or all cases, even 
wdien the amount of insulin absorbed from the tablet was not detectable b 3 ^ weighing- 
With 5 % low-zinc insulin, two out of four rabbits died in 24 In*. ; with 10 %, the same 
death-rate was observed; with 15 %, all three rabbits died within 1 da 3 ^ With 10% 
crystalline insulin both rabbits survived, but with 15 %, two died out of tJ)reD. The 
maximum absorption of insulin recorded was 3 mg., or 20 % of that originalty present, 
from tablets containing 1 5 % of low-zinc insulin. As these preliminai^’’ experiments on 
rabbits were not very promising the work was continued by implanting tablets con- 
taining cr 3 ^stalline insulin into rats. The hormone was again used with cholesterol, at 
10, 15 and 25%, the tablets being of 100 mg. Most of the rats died within 2 days 
with tjq^ical symptoms of hypoglycaemia. The death-rates in the various groups arc 
shown in Table 7. In another experiment the implantation of one 50 mg. tablet 
containing 25 % insulin proved fatal within 3 days in three out of four rats. 

In the great majorit 3 ^ of the rats dying within 2 da 3 ^s of im])lantation, there was im 
detectable loss of weight in tlie tablets recovered at death. It ma 3 " thus be concluded 
that the dose of insulin administered b 3 ^ implantation with fatal results was con- 
siderably less than 20 units. Doses uj) to 20 units of ei^ystalline insulin given as a 
single subcutaneous injection were not lethal. It ma}^ therefore, be concluded 
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Table 7. Proporiion of rats dying imthin 2 days after implantation of a \Oti-mg. 
tablet of crystalline insulin and cholesterol 


Dying 'scithin 2 days 


% 

uisulin 

No. and sex of animals 

Vo. 



% 

10 

9 males 

6 

66 

15 

15 females 

1 

7 

16 

13 males 

11 

85 

25 

10 males 

10 

100 


the implantation technique is more effective than a single injection in the case of 
crystalline insulin. 

The data given in Table 7 suggest that the rat sho^vs a sex difference in resistance 
to the effects of insulin, the females being less sensitive. The present material is 
inadequate to demonstrate the point 'with certainty, but of the fifteen female rats 
only two died before the appointed day for killing, while the immediate death-rate 
among males was very hea’vy. All the infomaation given in Table 8, concermng 

Table 8. Absorption of insulin from iablets composed of 15% i7i-5idt7i 
and 85 % cholesterol 

Average weight of tablet (rag.) 



Duration of 


, 

Active substance absorbed 

No. of 

implantation 

' When 

MTion 

/ 

* — 

. 

tablets 

days 

implanted 

removed 

mg. 


O' 

/O 

3 

5 

100 

100 

0 


— 

4 

C->7 

100 

100 

0 


— 

3 

14 

100 

99 

1 


G'7 

2 

29 

100 

97 

3 


20 

1 

42 

100 

98 

0 


13'3 


the loss of weight of cholostcrol-insuHn tablets after various times of implantation 
has been derived from the group of female rats. It vull be seen that only some 2-3 mg. 
arc absorbed in the course of a month from 100-mg. tablets containing 15% insulin — 
about 2 units a day — but the evidence so far as it goes suggests that absorption is 
fairly regular over this period. 

The effect of prolonged implantation on the activity’ of the unabsorbed insulin was 
tested by the rc-implantalion of tablets. Two tablets which had been implanted for 
\4 day’s in two female rats quickly’ proved lethal when implanted both together into 
a male. A similar result was obtained by’ the combined reiinjdantation of two tablets 
which had ])rcviously been implanted separately’ for 7 and 14 davs. On tlie other 
hand, (he re-implantation of the two tablets which had previously been in position for 
20 days did not result in the death of the animal. TIicsc tablets, however, had not lost 
further weiglit when they were removed after 21 day.s, so the survival of the arnmal 
probably indicates growing inaccessihility, rather than inactivation, of the rt^sidual 
insulin. 

Chorion ic rtonndotroph j ?? 

Kxperiments with chorionic gonadotrojdun were started in the hnj>e that it would 
he po.ssible to evolve a method which would give prolonged dosage bv a single 
ndmini'^lratiun. iwo j>robleins were involved: (<7) could the absorption of tlie a< tive 
subvtniuv be delayed hy the u<e of a suitable exciiMcnt, and (//) would the native 
sjjbstaruv be <b'stro\asi by being d;uujw;*<l by body tluiiU for a comjiaralivelv loni: 
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periotl? 'J’hc (Ini a given in TaI)Io fl were obtained by using cholesterol as excipient 
with an extract of urine of pregnancy (UP 24) wliich contained about 20 i.u./mg. 
Stable (ablets were obtained using cholesterol in iiroportions of 50, 76 and 90%. 

Table 9, Absorplion from tablets containing chorionic gonadotrophin 

and cholesterol 

Avorogo freight of 


% chorionic 


Duration of 


tablet (mg.) 

- 

Amount 

^onatlo- 

JinpJnnlod 

implant nt ion 

No. of 

When 

When 

ojt tract 
absorbed 

troplnn 

into 

flayH 

tablets 

implanted 

removed 

o/ 

/o 

10 

Hnbbit 

o 


20 

18 

100 

10 

p* 

3 

r, 

100 

93*8 

02 

10 

pp 

C 

14 

100 

91-0 

90 

2/5 

f p 

o 

i 

20 

lG-5 

90 

hO 

f p 

o 

4 

20 

10-7/5 

92*5 

10 

Hat 

1 

o 

100 

95 

60 

10 

IP 

3 

o 

100 

90 

100 

10 

pp 

0 

o 

100 

90-5 

95 


Tablets containing only 25% cholesterol were found to disintegrate. It nill be seen 
that tablets weighing 20 ing. implanted into rabbits, lost all or most of the extract 
within 2 days, even when 90 % cholesterol was present. In Wew of the comparatively 
high activity of UP 24, tablets of 100 mg. were made only with the largest proportion 
of excijiicnt (90%). It will bo seen that in both rats and rabbits the 100 mg. tablets 
lost all or nearly' all the extract within G days, a large proportion having been absorbed 
within 3 days and much within 1 day. It did not prove practicable to compare the 
oflcctiveness of UP 24 when absorbed graduall}’^ from tablets with that when given 
irregularly by oncc-daily injection. The dose of UP 24 giving the optimum response in 
inunaturc female rats is only 0-25 mg., and it was not practicable to administer this 
amount in tablet form, even with 90 % excipient. The rabbits used for the implan- 
tations all showed marked ovarian changes, but it was impossible to arrive at quan- 
titative conclusions. Tlio rats used were males. 

Examination was made of the residual activity by extracting the tablets after 
removal and testing the extract on immature female rats. Fire 100 mg. tablets con- 
taining 10% UP 24 and 90% cholesterol were implanted into a rabbit for 6 daj's. 
When removed they averaged slightly under 90 mg., which suggested complete 
absorption of the chorionic gonadotrophin. The tablets after removal were thoroughly' 
ground with saline, and extract equivalejit to one-half of a tablet was injected over 
5 days into each of five immature female rats. The resulting ovarian response was such 
as to indicate that activity equivalent to about 0-5 mg. of UP24 had been left in each 
tablet. The weights of the tablets at removal make it unlikely' that more than 0-5 mg. 
of UP 24 remained in each tablet; it may', therefore, be concluded that the active 
principle itself had not been selectively' absorbed from the rest of the extract and that 
the activity of the residual material had not been impaired by contact with the body 
fluids for C days. 

Pituitary gonadotropliina 

The first experiments were carried out with an extract of horse pituitary' gland 
(AP118B) which was made up into tablets containing 90% of cholesterol or benzyl 
sulphanilamide and 10% of the extract. The tablets were not very satisfactory, as 
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they tended to crack owing probably to s^velling of the extract pow^der when damped 
by the body fluids. How'ever, fairly concordant results w’ere obtained (Table 10) and 
show'ed that with cholesterol as excipient about one-half of the extract w^as absorbed 
within 3 days and all of it in 5 days. With benz 3 i sulphanilamide as excipient, the 
absorption seemed to be rather more rapid, though a figure was not obtained for the 
5-day stage owing to disintegration of most of the tablets. These experiments sug- 
gested that, using cholesterol as excipient, the absorption of 10 mg. of extract cotild 
be spread fairly evenly over a o-day period b^^ the implantation technique. The high 
activity of AP118B made it an unsuitable extract for investigating wiiether an^- 
increase in effectiveness could thereby be obtained. For this reason, and following the 
report by Meyer & McShan [1941], that the effectiveness per mg., and the maximum 
response obtainable, could be greatly increased by very frequent injection of sheep 
pituitary extracts, an extract of sheep pituitarj^ gland (AP117B) w’as chosen for 
further experiments. 


Table 10. Absorption from tablets containing pituitary gonadotrophin 

and excipient 


Average weight of 

tablets (nag.) Amount of 




Duration 
of im- 

, A. 

W'hcn 


pituitarj' 

extract 


Exp. 

Xo. of 

plantation 

im- 

When 

absorbed 


no. 

Composition of tablets tablets 

days 

planted 

removed 

O' 

/o 

Xotes 

1 

AP118B 10% 5 

Cholesterol 90% 

1 

100 

9C'4 

3G 

Tablets cracked 

2 

.. 5 

3 

100 

95-0 

50 

9f 

3 

.» 5 

5 

100 

89-4 

100 

One tablet cracked 

4 

A1M18B 10% 5 

Benzyl sulplmnilamido 

90% 

1 

100 

95-0 

45 

Allowance made 
for nb'^^rjjtion of 
0-5 mg. excipient 

G 

» 5 

3 

100 

91-S 

67 

Allowance made 
for ab‘^orj»tion of 
1 -5 mg. excipient 

C 


fi 

100 



All tablets di^in- 
tcgratc<l except 
one 

7 

Aril7B10% 5 

Cholesterol 90 

5 

100 

9 GO 

34 

Table*!* in pood 
condition 

8 

Ue-Jidiies from K\p. 7 5 

G 

9GG 

90-4 

O 

rnlctilnt'*'! in 
t'-rms of origirml 
content 

0 

ArU7B 

Chole'^tornl 90 

r> 

49 S 

4S-9 

12 

Tablets in prwj 
c'jndition 

10 

AIMITB 10»\. 4 

Ben7\ 1 mud'’' 

9<» ^ 

•* 


95-5 

s 

Allow 

f'T ab- irpt j -n f f 

2-5 ir;r. nt 


'I'lu' iiivni ii\ Table' lo, fnun whif'b it 

l>oritul tlu' ab'-orptiun of tlu' pitnitarv cxtraf*' 

pituitary t vlrae t . may p—iblv. 

" It b t ba tart I bat . in oiil^r t •-Mnly <u‘n!'iin 

urn' Ina^b' mtu inniMturo frui eb- ret-. Tla* c-fToct- 


will In' that ove r a 

t i< luue'b b‘-s titan tba* of tb*- 
but iiot ]»rob.iblv. a--‘t ixUA 

on tlw mari- ' nf tla* .'OjaanitH 
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'IVilflc 11. ICffrrt of (tflminittmtion by impknUation on efficiency 
of sheep piluitnry extract APWIB 


nf 
fntM in 

JO 

in 

10 

lf» 


.Stibrnt/iiu'ouM ijijrrf/on 
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Total cJof?o 
per rat 
mg. 

5 

JO 


Incroaso in 
ovary wcigfit 
mg. 

20 

32 

43 

68 

19 


nhsorhed from (ho (uhlot.s arc hIiowii in Table 11, in comparison with similar increases 
in ov/irian weight prodneed b^’ the daily subcutaneous injection of the extract in 
aqncons solution. It irill bo secii that the cfTectiveness of the extract is very greatly 
increased when it is absorbed from a tablet, perJiaps ns much ns twenty times. Con- 
clusive evidence, liowcver, Avas not obtained of any increase in tlie maxunum response 
obtainal)Ic wit li sliecj) pituitary extract. TJiis failure to confirm tlie Avork of Meyer & 
MeShan may Jiave been due to tlie fact that the dose-response cunm for AP117B 
hud a suhsiantially higher plateau than is usual M-ith sheep pituitary extracts. The 
reason for the increased e/TcctiA'cnoss of the extract AAdien absoi'bcd from tablets is not 
certain, but it may avcII bo clue, as in the case of the steroid iiormones, to the regularity 
of the supply from such a source as compared AAoth the irregularity arising from 
dnilj' injection. 

SVmiAHY 

1. Exiicrimcnts were cairicd out on the administration of non-steroid substances 
b}' the subcutaneous imjilantation of compressed tablets, made AA’ith or AA'ithout 
excipient. 

2. Cliolestorol and benzyl sulphanilamide Ai'ere found to be the most satisfactory 
excipients to use for imiAroving the projjerties of the tablet, or for delaying the 
absorption of highly soluble substances. 

3. A model experiment AA'^as carried out AA'ith dextrose, the complete absorption of 
Avhich AA'as delaj'^cd for some AA^ecks b^”^ incorporating it in 100 mg. tablets containing 
90% cholesterol. 

4. Thyroxine is not absorbed in Aveighable amounts from tablets implanted for 
many months, and no satisfactory e.xeipient has yet been found to cx'iAcdite absorption. 

5. Promising results Avore obtained AAutli adrenaline. Using cholesterol as excipient, 
100 mg. tablets containing 15% adrenaline yield about 5 mg., and those containing 
25% adrenaline about 10 mg., of the actiAm substance in a month. 

C. The implantation of 100-nig. tablets containing 10, 15 or 25% crystalline 
insulin, and cholesterol, AA^as usually lethal in male rats. Data obtained on female 
rats shoAA'ed that 2-3 mg. of insulin AA'ere absoi-bed in a juonth from tablets containing 
25% insulin. 

7. Chorionio gonadotrophin AA'as absorbed rapidly from tablets even AAdien 90% 
cholesterol Avas added as excipient. Residual material present in the tablet after 
0 days’ implantation AA-as still biologically active. 
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8. Gonadotrophic extract of sheep pituitary gland was much more efficient in 
immature female rats when administered over 5 days ^vith excipient by the im- 
plantation technique than when given by daily injection. 

My best thanks are due to Dr Ruth Deanesly, Dr I. W. Rowlands, and ^Irs •NL H. 
Warwick who collaborated in some of the work recorded above, to Dr F. G. Young 
for the anterior pituitary extracts and the dextrose determinations, and to Dr J. 
Walker for the caproyl and lauroyl srdphanilamide. The tablets were all prepared by 
my assistant, Mr F. Crisp. I am indebted to Glaxo Laboratories for cholesterol, 
lumisterol, ergosterol, and sitosterol; to Slessrs jNIay and Baker for substances of the 
sulphanilamide group ; to British Drug Houses for low-zinc insidin. 
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THE EFFECTS OF OESTRONE ON THE OVARY 
OF THE MOUSE 

By W. S. BULLOUGH, From (he Deparimenl of Zoology, University of Leed^ 
(Received 13 March 1942) 

The action of oestrogens on the development and periodic changes of the female 
accessory sexual organs of the mammals is well known, but it now appears probable 
that this secretion also influences the growth of the various parts of the ovary itself. 
A striking coincidence has recently been demonstrated between the positions of high 
concentrations of oestrogen in the mouse ovary and local areas of mitotic activity in 
the germinal epithelium, and it is not unlikely that the three nuclear divisions of 
oogenesis in this animal are induced by oestrogen [Bullough, 19426]. Further, it 
appears that the growth of the follicles and corpora lutea, as w'ell as tlie mitotic 
activity of the interstitial and connective tissue cells, are due to the action of this 
hormone [Bullough, 1942c]. 

Experiments were therefore planned to test these theories as far as possible. It 
has already been 8 ho^vn [Bullough, 1942d] that abdominal injections of oestrone 
cause great mitotic activity of the germinal epithelium of the minnow, Phoxinus 
laevis L., and that this results in the production of abnormally large numbers of 
oogonia. Similar experiments, of which preliminary accounts have already been 
published [Bullough, 1942a], have now been made in the case of the mouse, and the 
full results are recorded below. 

MATERIAL AND METHODS 

The mice used in these experiments were of several different strains, but all \vere 
normal females of 5 or 6 months old. They were Jiouscd in uniform I 3 ’ warm conditions 
with 12 hr. of light dail^', and were given a varied diet which included grain, dog 
biscuit, greens, and milk with cod -liver oil on bread. The experiments were performed 
in the summer of 1941. 

A variation of the vaginal -smear technique, described b\’ Bullough [19426], was 
used to distinguish the phases of the ocstrous cn'cIc, and in all cases smears w'cre 
studied twice daih’ for at least 10 da\’s before the controls were killed or the injection 
experiments begun. All the mice used had stcad\' and regular ocstrous c^'cles, and as 
the ovarian cells arc known to show most mitoses in the pro-ocstrous and ocstrous 
phases, the cxiM'riments were performed on mice in the relativeh* quiescent dioestrous 
l>criod. Thi«; |>crio<l was found to last for approximatoh* 3 davs. and four mice were 
killed as eontnds on each of these days. Each series of injections was started at the 
beginning of the first da\' of dioestnis, and completed, in mo«t ca^es, ]>cfore the end 
of the Sf'coud day when tho tTr^atment had caused the animal to pa«'? precociou«lv 
into the o^<;trous condition as determined by the vaginal smear. 

Q 
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Preliminary cxperiinenfs wore made using various concentrations of oestrone dis- 
solved in water or in sesame oil, and the injections were given citlier subcutaneously 
or abdominally. The. following tccliniquc was finally devised to luoduce a inaximmh 
cflcct. 1 he oestrone (Menformon, Organon Laboratories) was dissolved in sesame oil, 
and at each injection 250 i.u. (25 //g.) in 0*25 ml. of oil were given. Injections were 
repeated at 12 ln\ intervals, the last injection being given 12 hr. before death. It was 
found necessary for the oestrone to come into direct contact with the ovary, and the 
solution was therefore directed into the dorsal part of tlie abdominal cavity. From 
one to six injections were given, the first being in the close vicinitj^ of the left ovary, 
and the second in the vicinity of the right. The same alternation was observed 
throughout the seiics of injections. Finally, 9^ hr. before killing, each mouse received a 
subcutaneous injection of 0-1 mg, of colchicine in 0*25 ml. of water. This drug arrested 
in the incta phase all mitoses occurring during the hr. interval, and greatly facili- 
tated the stud}’' of mitotic activity. 

Tlic mice were killed by chloroform, and after the throat, thorax and abdomen 
had been widely opened, they were fixed whole for 2 days in Bonin’s solution. The 
ovaries were then removed, embedded in jiaraffin wax, and cut in serial sections Ifi 
thick. The stains used were Ehrlich’s hacmatoxylin and cosin, and the connective 
tissue was stained in saffron dissolved in absolute alcohol. 


onSEnvATJoxs 
Germinal cpitheJhtvi 

In order to assess the various rates of mitotic activity of the germinal epithclia of 
control and experimental ovaries, counts were made of all the mitoses jnesent in the 
germinal epithelium of one ovary from each animal studied, and the results obtained 
in tliis way are given in Table I. In many of the experimental animals it was found 
on dissection that the oily solution of oestrone had actually bathed the germinal 
cpitliclium, but in oUiers it a])j)earcd tlmt tJio thin connective tissue capsule, which 
surrounds the ovary and separates it from the general body cavity, had prevented 
most of the solution from reaching the ovary surface. It is probable that this fact 
was responsible for the widely varying numbers of mitoses counted in the ovaries 
of the experimental animals. 

The lo\vest mitosis count from the injected mice (mouse no. 273) was considerably 
greater than the highest from the controls (mouse no. 173), and the highest count ol 
all, 1818 mitoses present after five injections in mouse no. 257, was actually lughcr 
than the maximum noted by Bullough fl9I2Z)] in norjiinl mice after ovulation. 
Further, it is seen that the mitoses showed little, if any, relation to the various ovarian 
structures such as large follicles or corpora lutea.* The great, majority were present 
ill those parts of the germinal epithelium unrelated to anything otiicr than groups of 
very small follicles or masses of stroma and interstitial cells. 'J'hesc were the areas of 
least tension in which, as a consequence, the germinal cpitliclial cells were usually 
cubical, or even columnar, in form. 


♦ For tho inotliods of counting the mitoses and of assessing their proximity to t!\o various ovarian 
structures roforonce sliould bo made to BuIIougli [10426]. 
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Table 1. The numbers of mitoses 'present in the germinal epifhdia 
of control and experimental ovaries 

Mitoses 


No. of 

Killed 

No. of 

Un- 

By large 

By young 
corpora 

By old 
corpora 

Total 

mouse 

in* 

injections 

related 

follicles 

lutea 

lutea 

U 

D1 

0 

7 

0 

2 

0 

9 

10 

D1 

0 

0 

2 

2 

0 

10 

174 

D1 

0 

5 

4 

3 

0 

12 

123 

D2 

0 

4 

7 

2 

1 

14 

176 

D2 

0 

3 

4 

5 

2 

14 

184 

D3 

0 

4 

12 

2 

1 

19 

98 

D2 

0 

1 

3 

15 

6 

25 

145 

D3 

0 

3 

9 

9 

5 

26 

187 

D3 

0 

6 

17 

8 

4 

35 

134 

D2 

0 

7 

8 

18 

7 

40 

186 

D3 

0 

10 

21 

7 

5 

43 

173 

Bl 

0 

21 

13 

12 

3 

49 

273 

• D 

1 

26 

8 

18 

13 

65 

276 

D 

1 

29 

12 

22 

13 

76 

274 

D 

1 

49 

21 

27 

10 

107 

275 

D 

1 

66 

25 

19 

18 

128 

277 

oi 

1 

141 

39 

27 

26 

233 

95 

01 

4 

114 

69 

31 

60 

274 

247 

02 

4 

156 

74 

32 

41 

303 

248 

02 

4 

260 

44 

30 

51 

394 

03 

02 

4 

695 

179 

92 

127 

1003 

251 

02 

4 

725 

196 

156 

178 

1255 

258 

02 

5 

128 

56 

34 

43 

261 

250 

02 

5 

197 

02 

28 

35 

322 

259 

02 

r, 

240 

111 

83 

145 

5SS 

257 

02 

5 

938 

426 

170 

284 

1818 

256 

02 

6 

155 

CO 

102 

131 

448 


• Wlioro D = dir>estms; D1 = first day of dioestnis; D2 = sccond day of diocstrus; D3 = third day 
of diocstms; O 1 nearly oestrus; 0 2 = fiill oestrus. 


Ovarian follicles 

The follicles in the control ovaries were all in conditions typical of the diocstrous 
period [Bullough, 1042c]. There were large numbers of small primart’ follicles which 
showed some mitotic activity, and which were clearly undergoing slow growtlt. A 
normal proportion of these were becoming atretic. Tlicrc were also fewer larger 
follicles in the rapid growth phase. These contained large reserroirs of follicular 
fiuid, and the (‘clls of the membrana grantilosa and of iha thecae showed great mitotic 
activity. 

In all the ovaries examined from the experimental mice, irre^peetive f»f tlie number 
of injc<'li<ms of cK*^trune given, the small primary follicles, which lacked follicular 
thiid. wert‘ appanmtly entindy normal. Many, as i^^ ii«ual. were undergninL^ atresia, 
but the gi\‘att‘r number ap|>eared to be growing at tbe normal slow rate bv the stc.idv 
mitovi'; of the celK of the membrana gn\nulo<a ami tlie theca folliculi. 

1 lie larger rapi<lly*grou imj were clearly afTectod by the injected tH'-tmne 

^hhi^ugh. afifTfUily one injcM t io!n tljc efua t ^ w ere slight or even ab-ent. (')n thenvemge 
thfO' wa'* *^01110 reduction in the numb<‘r mitovov atnont: tho eelb nf membrana 
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granulosa and Mio thccac, and in two animals (mice nos. 275, 277) there were also 
signs of necrosis in a few of the cells of tlie mcmbrana granulosa adjacent to the 
reservoir of follicular fluid. These effects were ahva 3 ^s greatest in the largest follicles. 
After four injections of ocstronc the rate of mitosis in the follicle walls was much 
reduced, and numbers of necrotic cells were usually present. These two effects were 
most evident in mice nos. 03 and 254 in which masses of necrotic nuclei and cell 
debris liad been shed into the antrum to float in the follicular fluid. Tliej'' were alwaj^s 
least n])parcnt in the discus proligerus. 

The remaining animals, receiving five or six injections, showed similar effects. In 
most instances t he growth of the large follicles was mucli reduced, and in the largest 
it had often entirely ceased, but there was considerable variation in the responses of 
different ovaries. Mouse no. 257, whose germinal epithelium showed the greatest 
reaction, contained many follicles still showing large numbers of mitoses, whilst on 
the other liarid, in mouse no. 258 mitosis Jiad even ceased in the cells of the discus 
proligerus of the largest follicles and man}" necrotic nuclei were present in that region. 

Corpora hi tea 

In the ovaries of the dioesttrous control animals mitoses were occasionally seen 
among the luteal cells especially of the newly forjued corpora lutca. Apparently 
similar conditions prevailed in the ovaries of the experimental mice, and it was 
difficult to ascertain ^rhether any change had taken place in the normal slight mitotic 
activity, 

Sfroaia and iiiterstifial cells 

As in the cor])ora lutea, mitoses were occasionally observed among these cells both 
in control and experimental ovaries, but no difference in the rate of this activity was 
jioticoable between the two groups. If any difference did exist, it was obscured by 
the considerable Variation between individuals. 

DISCUSSION AND REVIEW 

The injlitence of oesirogens on oogenesis and ovarian groivlh 

The results recorded in this paper are exactly similar to those obtained in the case 
of the minnow [Bullough, 1942t/]. In this fish it was shown that, about the time of 
ovulation, the sudden rapid production of oestrogen coincides \vith a burst of mitotic 
activity of the germinal epithelium resulting in the replenishment of the ovary with 
great numbers of small oogonia. This effect can be reinforced by abdominal injections 
of oestronc, and it ajjjjears certain tliat an oestrogen is the agent responsible for the 
divisions of the germinal epithelial cells in the normal animal. The possibility is also 
suggested that the sudden production of this hormone in the ovaries at the breeding 
season is the cause of the two final nuclear divisions, meiosis and mitosis, in the fully 
developed primary oocyte. Similar phenomena have been observed in the starling, 
Shinms vulgaris L. [Bullough & Gibbs, 1941; Bullough, 1942c]. The cells of the 
germinal epithelium undergo rapid mitosis at about the time of ovulation and, in the 
course of tlio following few weeks, a replenishment of the ovary with new oogonia 
results. Again it appears probable that a sudden high rate of oestrogen secretion at 
this time is the controlling factor not only of the first division of oogenesis, but also 
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of the two final divisions of the primary oocyte. In both these annually breeding 
animals, no divisions of the germ cells take place except in the short periods just 
before and just after ovulation, and the greater part of the year is taken up by a long 
process of yolk deposition which is probably under pituitary control. 

The mouse, being a polyoestrous mammal, is naturally different in many’ respects, 
and as the ovarian cycle is so short, the disentanglement of the endocrine factors 
involved is not so simple. However, as in the minnow and the starling, the dependence 
of the nuclear divisions of the germinal epithelial cells on the female sex hormone is 
now demonstrated, and in the normal mouse these divisions, resulting in the pro- 
duction of new oogonia, take place most actively immediately after ovulation when 
the released follicular fluid bathes the germinal epithelium [Bullough & Gibbs, 1941 ; 
Bullough, 19426]. At this time also the maturation divisions take place in the eggs. 
It is shown that the effect on the germinal epithelium can be produced experimentally 
in the dioestrous mouse by bathing the ovary in concentrated solutions of synthetic 
oestrone. However, oestrogens have other functions to fulfil in the mammalian ovar}^. 
Tliis type of ovary contains far greater numbers of non-germinal cells than do 
the ovaries of the minnow and the starling, and the process of yolk deposition in the 
egg is almost entirely absent. Follicular growth is substituted for grovd;h of the ova, 
and follicular growth involves mitosis as does also the early growth of the corpus 
luteum. It is now reasonably certain that these mitoses, as well as the less frequent 
mitoses of the interstitial cells and the cells of the ovarian stroma, are induced by the 
oestrogen present in the follicular fluid of the antrum [Bullough, 1942c]. 

Ovarian cells appear to require high concentrations of oestrogens in their immediate 
neighbourhood before they are caused to divide, and subcutaneous injections of very 
large quantities of oestrone, which is taken to the ovary in relatively low concen- 
trations by the blood, have no effect in stimulating mitosis in an^^^ of these cells 
[Bullough, unpublished]. The germinal epithelium must be bathed hy the injected 
oestrone or the extruded follicular fluid before its cells vill react fully, and by far the 
greatest mitotic activity in the wall of the rapidly growing follicle is in the inner layer 
of the membrana granulosa which is in contact with the follicular fluid. The pools 
of liquor foWiculi inside the ovary arc the centres of steep gradients of mitotic activity 
extending into and d 3 ing awa^^ in the surrounding cell mass. Abdominal injections 
of oestrone solution have a stimulating effect onl}' on the outer epithelium covering 
the ovarj^ and the deeper cells, including the follicles and corpora lutea, show no 
increase in their mitotic rate. On the contrary^ if the injections are continued, the 
growth of the follicles slackens and even ceases altogether vith the production of 
large numbers of necrotic cells. This same effect is produced by subcutaneous in- 
jections of oestrone [Bullough, unpublished], and has been explained [Moore k Price, 
1932] by n ihearj’, for which experimental evidence was afforded by Merer, Leonard, 
Ilisaw Marlin [1930], that abnormal quantities of sex hormone dej)ress the rate of 
produelion of the gonad-slimulaling hormone of the anterior piluitarv’ gland. It now 
seems that this, in turn, reduces the rate of secretion of oestrogen b\' tlieovarv so that 
the concentration of tliis hormone in the follicular fluid is reduced, and the mitosis of 
the ctdis of the follicle wall ceases. An exactly similar effect has been noted {BuUomjh, 
I912r] in the full-grown follicle of the normal mou'^e just prior to ovulation when it is 
posMhlc that the wstrogen secretion slackens. The dopre.ssion of follicle growth in the 
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injected, as well ns tlio normal, mouse ma}^ therefore be due to a reduction in the 
rale of transfer of the oestrogen from tlic secreting cells into the antrum. It seems 
that injected ocstronc, taken uj) by the blood stream, is powerless to restart the 
mit otic activity of the follicle wall as it is not passed into the follicle centre in sufficient 
concentrations, and cannot in any other way reach the deeper layers of the ovary. 

The endocrine control of the ovary 

With the above conclusions in mind, it is now possible to give a theory of the inter- 
reactions of tlie various endocrine secretions which induce and control the rhythmic 
ovarian changes. It is clear from a mass of research [see reviews of Smith, 1939; 
Fevold, 1939] that the ultimate control of ovarian development is exercised by the 
anterior pituitary 'gland, but liow many different secretions of this gland are involved 
is not yet certain. From evidence obtained in close studies of the ovarian cycles of 
the minnow [Bullough, 1939], the starling [Bullough, 1942e], and the mouse [Bullough, 
1942c], it would appear that there are at least two separate growth phases of the egg 
or the follicle, and there may therefore be at least two separate factors exerting an 
influence on the ovary. 

In the first two animals, the minnow and the starling, the primary oocytes in the 
primary growth phase pass through a period of slow growth when no true yolk is 
laid down. Tin’s phase of development ma}'' be matched in the mouse hy the slow 
growth of the small primary follicle which lacks follicular fluid. Injections of oestrone 
have no effect on any of these growth stages, and in the minnow the small oocytes 
are not even destroyed by repeated injections of the male sex hormone testosterone 
propionate [Bullough, 1 940]. In the minnow and the starling the period of slow growth 
gives place suddenly to a period of more rapid growth, the secondary growth phase of 
the primary oocyte, when changes occur in the affinity of the cytoplasm for stain and the 
yolk is laid down. In the mammal there is a similar sudden change when the follicular 
fluid appears and the growth of the follicle is greatly accelerated. Tlie rapid enlargement 
of the egg with the deposition of yolk in the lower vertebrates and the rapid growth of 
the follicle in the mouse are both stopped by oestrone injections. 

It may well be that the factor controlling the primary growth phase of the primary 
oocyte in fish and birds has been adapted by the mammals to control the early slow 
growth of the primary follicle, and equally, whatever controls the rapid growth and 
yolk deposition in the eggs of the lower vertebrates may have been utilized by the 
mammals to induce the final rapid gro^vth phase of the Graafian follicle. It appears 
certain that rapid egg growth and yolk deposition are controlled by a secretion of the 
anterior pituitary gland [see reviews of Smith, 1932, 1939], and probably this is 
related to that pituitary secretion, termed the follicle-stimulating hormone, which is 
known to induce rapid follicle growth in the mammals. 

In the lower vertebrates the anterior pituitary not only controls ovarian growth, 
but as the breeding season approaches it stimulates the ovary to produce maximum 
quantities of an oestrogen which, as already explained, causes the mitotic activity of 
the germinal epithelium and possibly also the maturation divisions. In the mammals 
only tliis second action of the pituitary secretion remains. It seems certain that the 
main function of the follicle-stimulating hormone of the anterior pituitary is to cause 
the cells of the follicle wall, probably the theca interna [Mossman, 1937 ; Corner, 1938], to 
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secrete a concentrated solution of an oestrogen which is partly deposited in the antrum 
and partly carried away by the blood to the body. The high concentration of oestrogen 
in the liquor folliculi then induces the growth of the follicle and, after ovulation, the 
mitotic activity of the germinal epithelium and of the developing corpus luteum. 
The production of oestrogen then slackens, and the mitosis of the ovarian cells is 
greatly reduced. Luteinization takes place in the corpus luteum, and the animal 
passes into dioestrus when the cycle begins again v-dth the repeated action of the 
follicle-stimulating hormone of the anterior pituitary. 

It is concluded as probable that most, if not aU, the nuclear divisions taking place 
in the ovary, like those in the accessory sexual organs [see review of Allen, Hisaw & 
Gardner, 1939] and the skin [H. F. Bullough, 1942], are induced by an oestrogen. 
It is clear that the threshold concentrations of this hormone necessary to cause mitosis 
in the cells of different organs vary considerably. Relatively low concentrations 
carried in the blood stream are sufficient to stimulate growth, for instance, in the 
uterus, but the highest concentrations of oestrogen in follicular fluid coming into actual 
contact with the cells are necessary to cause active mitosis in the ovary itself. 

Androgens and spermatogenesis 

The connexion between the oestrogens and the nuclear divisions of oogenesis, which 
has been described, makes it interesting to consider what effect androgens have on 
spermatogenesis. The development of the spermatozoa, unlike that of the ova, is 
almost entirely a process of cell division. In the female vertebrates studied it has 
been found impossible, for reasons explained, to cause the full development of a 
mature egg from the germinal epithelium by oestrone injections alone, but in the 
male, descriptions have been given of striking effects on the nuclear divisions of 
spermatogenesis following injections of androgens. The minnow testis, after abdominal 
injections of testosterone propionate, shows great mitotic activity, and unthin a 
fortnight spermatozoa are passed into the vas deferens [Spaul & Bullough, un- 
published]. The same effect, following similar injections, has even been induced in 
the male minnow immediately after the spawning season when the testis is exhausted 
and very small [Bullough, I942dl. In the mammals, identical results have been 
recorded by Wells & Moore [1936] in the annually breeding ground squirrel, CileUvs 
tridcccmlincatus. Injections of androsteronc or of testis extract cause the precocious 
dcvcloj)ment of spermatozoa in young animals, and their unseasonable development 
in adults. Wells & Gomez [1937] have also induced active spermatogenesis in young 
and old, nonnal and hypophysectomized ground squirrels by injections of andro- 
stcrone and testosterone propionate. 

In species like the rat and the mouse, however, different results have been obtained, 
and Moore [1939] has summarized the evidence of harmful effects on the testis 
following injections of androgen. This is, perhaps, not unexpected as in these animal-j 
sj)ermntogenesis normally continues at a high rate throughout the entire year. In- 
jections of abnormal quantities of androgens may suppn?ss the pituitary function 
causing tlie Ic.^tcs t<. cease the jiroduction of their own supply of honnone. The 
depresdng effects on spermatogenesis of injections of androgens tlms appear to be 
exactly comparable to those already described in tlic case of the Gnmflan follicle 
after oeslroite iitjoclions int<» the fennxlc. However, in the males much ap^K^ar^ U> 
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flci)cnd on age and on tlio dose of androgen given. Moore & Price [1932] have sho^vn 
that sonietinics ncillicr injury nor sUnuilation follows the injections, and Shay, 
Gershon-Cohen, Paschkis Pels [1941], using largo doses, have hastened spermato- 
genesis in young rats. Further, Cutuly & Cutuly [1940] have shown that injections 
of androgens will induce and maintain spermatogenesis in hypophysectomized rats. 

It seems therefore justifiable t o infer tliat tlic endocrine control of spermatogenesis 
is similar to timt of oogenesis in that the male germ cells, and ])robably also the other 
testicular cells, are normally induced to divide by the active internal secretion of 
an androgen. 

GENERAL CONCLUSION 

TJic general conclusion is reached that, following the initial stimulus of the anterior 
pituitar^^ the gonads control the nuclear divisions of gametogenesis by means of 
their own internal secretions, and tliat, at least in the ovary, the divisions of the non- 
germinal cells are also under the control of these sox liormones. Each liormone is, 
however, specific in its action, and stimulates only a gonad of its own sex. Oestrogens 
inhibit testis growtli in fish [BuIJough, 1940], birds [Ringoen, 1938], and mammals 
[Golding & Ramirez, 1928], and conversely, androgens produce disruptive changes 
in the ovary. 

SUMMARY 

1. Large doses of oestrone wore given to adult female mice in dioestrus by ab- 
dominal injections into the vicinity of the ovaries. In all cases the mitotic activity 
of the germinal epithelium was stimulated, and after five injections a maximum 
of 1818 mitoses was counted in the epithelium of one ovary. 

2. TJ)e normal ra])id growth of tlie Graafian follicles was reduced, and in some 
cases it ceased entirely with the production of large numbers of necrotic cells. The 
largest follicles were affected first, and inside eacli follicle the discus proligerus 
resisted the effects of the injections longest. The small primary follicles remained 
unaffected. 

3. No significant changes could be traced in the corpora lutea or in tlie interstitial 
and connective tissue cells. 

4. A theory is given of the endocrine mechanism controlling the normal vertebrate 
ovary, and the conclusion is reached tliat, following an initial stimulation by a 
secretion of tlie anterior pituitary gland, the ovary controls the nuclear divisions of 
oogenesis, as well as the mitoses of the various non-germinal ovarian cells, by means 
of its own internal secretion of oestrogen. Evidence is also given of a similar control 
of spermatogenesis by androgen in the testis. 

My most grateful thanks arc accorded to my wife, Dr H. F. Bullough, for her 
constant lielp in all the various as])ects of this work, and I would also like to thank 
Professor E. A. Sjmul for his continued interest. 
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STUDIES ON THE PARATHYROID OF THE MOUSE 

1. THE CYTOLOGY OF THE NORMAL GLAND 
IN RELATION TO ITS SECRETORY ACTIVITY 

By C. L. F0STJ5R, From the Department of Biology and Histology, 

Middlesex Hospital Medical School, London, IK.i 

{Received IG March 1942) 

The most important recent investigations of the cytology of the parathyroid gland in 
inninmals arc tliosc of Rosof [1934] and de Robertis [1940, 1941], both of whom studied 
the rat. These investigators described the Golgi apparatus and mitochondria, tlic 
fonner correlating clianges in them with the phases of a secretory cycle and the latter 
describing a reduction of the Golgi material after injection witli parathyroid extract 
and a hyiiertrophj’' after the experimental induction of rickets on a low-calcium and 
low-pliosphorus diet. Botli workers observed dark osmiophil and light non-osmiophil 
cells, and de Robertis described a disappearance of the dark cells following para- 
thyroid-extract injection and an increase with low-calcium and low-phosphorus diets. 

With a view to carrying out similar experimental studies on the mouse parathyroid 
the present investigation of the normal cytology was first undertaken. It was also 
of interest to discover whether the rathdr complicated secretory cycle described by 
Rosof was also shown in a closely related animal. 

MATERIAD AND METHODS 

Glands were studied (principally from male animals) from mice whose ages ranged 
from 1 to 1 30 days and over. The animals wei'e fed a balanced diet of cereals and fresh 
vegetables, with cod-liver oil given in addition once a week. 

The animals were killed by decapitation, and the laryngeal region of the trachea, 
with its associated thyroid and parathyroid glands, was rapidl}^ dissected out and fixed 
for 24 hr. in Champy’s fluid. Certain of the glands, after v'^ashing, were impregnated 
to show the Golgi bodies by the Kolatschev method, being incubated at about 35° C. in 
2 % osmic acid for 5 days in the dark. After dehydrating, clearing and imbedding in 
wax, sections were cut at 3-5/^. 

In three instances 0-1 mg. of colchicine in 0*25 ml. of water was injected subcu- 
taneously in adults 94 hr. before death, and in another four cases young individuals 
were injected with equivalent doses in proportion to their body weights. In these 
cases a small portion of the tongue was fixed with the other tissues, the mitotic 
activity of its germinal epithelium being used as an indicator of the effectiveness of 
the injection. 

A few glands were fixed in Regaud’s fluid for purposes of comparison, but this 
fixative was found to be of very little value for detailed cytological purposes. 

The staining techniques used were designed to show the general histological com- 
position of the gland on the one hand, and its more detailed cytological characteristics 
on the other. The most satisfactory general stain was Mann’s methyl-blue-eosin 
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mixture. The sections were first bleached in chlorine water for about 1 min., washed 
thoroughly and stained at about 35° C. for several hours or overnight. After drying 
the slide as far as possible and differentiating in absolute alcohol, the ‘dark’ cells 
(osmiophil cells of Rosof) give a distinctly basophil reaction, whereas the nuclei 
normally stain pink. The best results are obtained in the central parts of the gland 
since the peripheral portion is nearly always overfixed. As be shown below, the 
basophil reaction is not associated with any specific granules like those recorded for 
the deer [Grafflin, 1940] and monkey [Cowdry & Scott, 1936]. 

Sections of glands impregnated to show the Golgi bodies were examined either 
unstained, or lightly stained in erythrosin, or else by the method used so successfully 
by Severinghaus [1932] and others on the anterior lobe of the rat pituitary. In outline 
this method consists, first, in staining for about 5 min. in a saturated solution of acid 
fuchsin in aniline water placed on the slide (during this time it is warmed up to 
steaming point three times) ; and secondly% after differentiating in picric-alcohol and 
mordanting in 1 % phosphomolybdic acid and washing, in staining the sections for 
several minutes in the acid-violet — methyl-green mixture described by Severinghaus 
[1932]. When the sections have been rinsed in water and rapidly dehydrated in abso- 
lute alcohol, the dark cells should stand out quite sharply from the rest by virtue of 
their rather darker greyish blue staining. The colour, however, is not dark enough to 
obscure the Golgi bodies. The nucleoli are stained red, as are the mitochondria. 

The best results for mitochondria were obtained by using either the above method 
or iron haematoxylin, after a preliminary treatment of the sections with weak acidified 
potassium pennanganate solution, followed, after rinsing in water, by a weak solution 
of potassium meta-bisulphite. Since the mitochondria are often partially osraicated, 
some form of bleaching, such as the above, was found necessary to ensure the best 
results. This treatment, however, had the disadvantage of removing the Golgi 
impregnation. These stains were also found to be the most satisfactory for the study 
of nuclear structure. 

OBSERVATIONS 

For the sake of convenience in description, the parathyroids studied were divided 
into the three following age groups; (1) 1—16 days, (2) 16-40 days, and (3) over 40 
days. All were Champy -fixed. 

Parathyroid gland in mice 1-15 days old 

In this group, up to the age of about 10 days, the gland is only moderately vascular, 
and its general composition is uniform, showing none of the lobulation characteristic 
of the more adult condition. The same uniformity characterizes the cellular com- 
position, which at this stage consists of an epithelioid mass of similar-sized cells 
plate 1, fig, 2). Each cell contains a rather large and conspicuous nucleus character- 
ized by the presence of a variable number (usually at least three) of scattered nucleoli 
(Fig. la). The cytoplasm is rather sparse and clear, showing no particular staining 
reaction, and the mitochondria are in the form of granules scattered through the 
cytoplasm. The Golgi bodies are in the form of a fairly dense peruke-like net capping 
one end of the nucleus or closely pressed against the side (Fig. Ic and Plate 1, fig. 3)T 
From about 10 days onw^ards a series of changes occurs both in the generafand 
ce ular composition of the gland. The vascularity becomes increased, and this is 
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associated with nn increase in the development of connective tissue strands, resulting 
at Jr> days in a marked tendency towards lobulation. At the same time, although a 
generally unifonn appearance is preserved in each developing lobule, two new types 
of coll make tlicir first appearance. Both types of cell are at this stage infrequent in 
their occurrence. 1 he first is rather smaller than the basic or chief cell type, generally, 
but not always, oval in shape, and is characterised by tljc darkness of the cytoplasm 
a feature independent of, but intensified by, staining. These cells are not detectable 
in glands fixed in non-osmic fixatives such ns Regaud’s fluid. Such cells, which will 
be referred to as dark cells, do not 
alwaj^s give the basopliil reaction 
characteristic of tlie later stages, 
possiblj^ owing to the fact that the 
small size of the gland results in some 
degree of over-fixation er'cn in the 
middle, with a consequent oflcct 
upon the staining. Dark cells were 
first observed in an 1 1 -day-old speci- 
men ; at 1 5 days they were well defined 
but not numerous (Fig. Id). 

The second type of cell, the clear 
cell, is somewhat larger tlian either of 
the foregoing tjq^es. It has a palely 
staining nucleus and a cytoplasm 
which has no specific staining re- 
action and wliich is clear excej^t for 
occasional granular aggregates wliich 
maj" in part be of a mitochondrial 

nature (Fig. le). At this relatively Fio. l. (a) Chief coll from gland of l-dny-old mouse. 

early stage of development these cells (t) Chief cell from gland of 7-day-old mouse showing imi- 
. ^ . nucleolar nucleus, (c) Chief cell from gland of 7-day-old 

are inirequent. mouse showing poruko-liko Golgi body, {d) Dark cell from 

It has already been mentioned that gland of i5-day-old mouse, (c) Light cell from gland of 

the nuclei are of mnltinuoleolate 

type, and this Iiolds in general, not slightly enlarged camora-lucida drawings with 1/12 in. 
only for the chief cell, but also for the objective and x 6 eyepiece. Champy-fixed and stained 
, , IT t . 1 with iron haematoxylin (except (c) which was unstained). 

dark and clear cells which appear ^ ' 

later. Occasionally, however, a type of nucleus such as that illustrated in Fig. 16 
is seen, and this will be referred to subsequently as the uninucleolar type. Here, 
instead of a number of scattered nucleoli the nucleus contains one or two very 
prominent nucleoli, usually centrally placed ; there may in addition be a few much 
smaller ones dispersed about or quite commonly none at all. The often irregular shape 
of the dominant nucleolus or nucleoli suggests that they may be derived from the 
fusion of smaller ones. This type of nucleus, although rather infrequently observed 
in the parathyroids of young mice, becomes increasingly frequent at greater ages 
and represents the dominant type of the adult. Mitoses were but infrequently 
observed in the group and then always in the chief cells. 

In conclusion it may be stated that in this age group may be traced the early 
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development of those cell types — the dark and clear cells — ^which, in greatly increased 
proportions, are to be found in the adult gland side by side vdth the chief cells from 
which they are probably derived. AUovnng for individual variations, the latter 
probably constitute the sole cell type in glands up to 10 days of age at least. 

The 'parathyroid gland in mice 16-^0 days old 

This age group, although purely arbitrary, shows the transition stages between the 
juvenile and adult structure. All the parathyroids show^ed a markedly lobular com- 
position, the cells sometimes being radially arranged around a central blood vessel. 
The lobulation is associated with an increase in the connective tissue strands, which 
delimit the lobules, and with a high degree of vascularity. 

The cellular composition in general shows a progressive increase in the proportion 
and definition of the dark cells, with increasing age within the group. These cells 
began to give a more definite staining reaction with Severinghaus’s and Mann’s 
stains. Correlated with these changes was an increase in the size of the gland as a 
whole, suggesting that there might be considerable mitotic activity. One gland, from 
a 26'day-old mouse, after colchicine injection, showed only very occasional mitoses 
in the chief cells, although numerous metaphases were observed in the tongue 
epithelium. Little weight, however, can be placed on such an observation, since the 
degree of development ^vithin the group as a whole was found to be variable. Further 
experiments with colchicine injections at differefit ages are being carried out, which, 
it is hoped, will throw light on this matter. General histological considerations, 
however, such as the rapid development of the dark cells, and their frequent occur- 
rence in groups, suggest considerable mitotic activity between the ages of 2 and o 
weeks. There may, for example, be an acceleration of growth and differentiation at 
the time of weaning, which is normally at about 3 weeks. 

In this group also there was an increase in the frequency of clear cells, although 
they are never, even in the adult, as numerous as the dark cells. Transition t}7)es 
between the dark and clear types could now be made out fairly readily. These cells 
conform in shape and general appearance to the dark cells, but show varying degrees 
of lessening in the depth of staining and the cytoplasmic density. Comparison with 
the adult glands, to be described below, suggests that a secretory cycle is in operation 
in the glandular cells. 

In regard to the two types of nuclei, two specimens from 30- and 36-day-old mice 
show’ed a definite increase in the proportion of uninucleolar types. The latter had in 
fact a composition differing but very little from that of the adult. The remaining 
glands of low^er age within the group showed but occasional definitely uninucleolar 
nuclei, although there was some evidence of increased disparity in nucleolar size. 

Parathyroid gland in mice over 40 days old 

Here the characteristics of the preceding group are developed to their fullest extent. 
The gland is divided up into very vascular lobules separated by connective tissue. 
All three ceU types are present together with transitional forms betw'een the dark 
and clear cells. The clear cells never constitute a large percentage of the gland, although 
they may be locally numerous; the dark and transitional cells are predominant, the 
chief cells being much reduced in frequency. The dark cells, transitional cells and 
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clear cells may bo scon even under low niagnification as in Plate 1, fig. 4; the chief 
cells are only readily made nut. under high-power magnification. The same figure also 
shows how t he uninuelcolato nucleus is the predominating type, but that the original 
type still exists is shown by Plate 1, fig. 5. 

An examination of glands impregnated to show the Golgi bodies (Plate 2, fig. 8) 
reveals a dcjiarturc from the uniformity seen in the young gland (cf. Plate f, fig. 3). 
Tlic Golgi material ranges in form from strands arranged peruke-like closely around 
the nucleus, to strands or granules often widely dispersed in the cytoplasm (Fig. 
(5a-f/). The mitochondria appear as siiort 
rods when stained with iron hncmatoxylin ; 
with acid fuchsin staining their shape is not 
so sharply defined (Plate 2, fig. 7). 

A study of iireparations impregnated 
for the Golgi bodies and stained by the 
Soveringhaus met, hod enabled a correlation 
to be made between the cell tyjics and 
the Golgi material. The dark colls, often 
characterized by their oval sha])e and 
darkly staining cytoplasm, possess a Golgi 
body consisting of strands of granules which 
closely iinmst jiart of the nucleus as shown 
in Fig. On, Plate 2, fig. 9 and Plate 3, 
figs. 10 and 11. The nuclei of these cells 

are, in the majority of instances, of tlie ^ . ,, ,, . , . r ^ » 

lininuolcolflr type, but soiuctliucs tJiey nre nifcc si loudrig mitochondria and Golgi bodies, 
miiltinuclcolatc like the chief cells. 

Tlic clear cells are considerabl}^ larger 
ihan the dark cells, and the cytoplasm, 
wJiich may be patchily granular, shows no 
affinity for stains; the Golgi material 
(Fig. 6rf, Plate 2, figs. 8 and 9 and Plate 3, 
fig. 11) is characteristically dispersed at 

some distance from the nucleus, usually still in the form of threads but sometimes 
divided into granules. Like the dark cells their nuclei are preponderantly of the 
uninucleolar tyi:)e. Some of the cells j)ossess p 3 ^cnotic nuclei and ill-defined cell 
boundaries and show every sign of cellular degeneration (Plate 3, fig. 10). As will be 
seen subseqiieutl}'’, they are regarded as senile secretoiy cells. 

Between these two extreme types are cells which will be referred to as transitional 
cells (Fig. 6 6, c, Plate 2, fig. 8 and Plate 3, figs. 10, 11). As the name implies, thej^ are 
regarded as intermediate forms between the dark and light cells. The evidence for 
such an interi)retation is based on two facts — a series of transitional cells can be 
constructed showing a progressive, although not great, increase in size, associated 
with a diminution in the density of staining, and an increase in the diffusencss of the 
Golgi material. The apparent homogeneity of the cytoplasm of the dark colls is lost 
with the progression towards the light-cell t 3 q)C. This change is not associated with 
vacuolation (vacuoles such as those described in the rat by de Robertis 



(u) Dark coll witli Golgi body closo to nucleus. 
Mitocliondria not visible. (6) Transition colls with 
ligbtor-vStnining cytoplasm and more widely dis- 
persed Golgi materinl. (c) Later stage of (b). 
(d) Clear coll. All above figuras made from slightly 
enlarged camora-lucida drawings with 1/12 in. 
objective and x 10 eyepiece. Clinmpy fixation and 
stained with acid fuchsin and motbyLgroon — acid- 
violet mixture. 
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never observed) but rather with a progressive irregular cytoplasmic flocculation 
(Plate 3, fig. 10(2)). At the same time the Golgi strands separate further from the 
nucleus and tend to break up in the cytoplasm. These changes did not appear to be 
correlated with any consistent alterations in the staining properties of the nuclei or 
the distribution of the mitochondria, except that the latter wxre more widely dis* 
persed in the larger clear cells. 

Cells were also present in very small numbers, in wrhich a multinucleolate tj^ie of 
nucleus and cytoplasm of indifferent staining is associated with a Golgi body of the 
dark-cell type (Fig. 1/). Although the Golgi material is not as dense and conspicuous 
as that in the chief cells of the juvenile gland (cf. Plate 1, fig. 3), its position in com- 
bination with the nuclear and cytoplasmic characteristics indicates that these also 
are chief cells. 

DISCUSSION 

The working out of a secretory cycle for the cells of a gland is a difficult, if not an 
impossible, task, unless there are physiological data with which cytological findings can 
be correlated. Only from such successful correlations can reliable cytological criteria 
be selected from a mass of observations which are peculiar to the material used or the 
technique employed, and w^hich are not of general significance [cf. Foster, 19426]. The 
literature on the experimental cytology of secretion in glands in general and endo- 
crine glands in particular indicates that the behaviour of prosecretion granules where 
present and of the Golgi bodies is the best guide to cellular activity. Hyperactivity 
of the pituitary, for example, induced experimentally by the injection of ovarian 
hormones [Severinghaus, 1936] and synthetic oestrogens [Foster, 1942 a] is indicated 
cytologically by hypertrophy of the Golgi bodies and degranulation of the chromophil 
cells. A similar Golgi hypertrophy has been recorded for the activated thyroid 
[Ludford & Cramer, 1928], and for the parathyroid glands [de Robertis, 1941]. There 
is also evidence which suggests that an experimental repression of the activity of a 
gland may result in some degree of regression of the Golgi apparatus. Castration 
produces changes which appear to be of this type in the basophil cells of the pituitary 
[Severinghaus, 1937], and suppression of the activity of the parathyroid gland in the 
rat by the injection of parathyroid extracts results in regression of the Golgi bodies. 
If these changes, many of w^hich are reversible, can be regarded as exaggerations of 
those occurring in a normal secretory rhythm, then such fluctuations might be 
expected to occur to a smaller extent in the normal gland. 

In the mouse parathyroid no prosecretion granules w'ere observed, and the evidence 
for a secretory cycle is based on an alteration in (1) the staining properties of the 
cells, and (2) the morphology of the Golgi material. There w^as found to be a positive 
correlation between these two sets of observations. Connecting the tw'o extreme cell 
types, the dark and the clear, w^as a series of transitional forms, w^here a progressively 
lighter staining w^as associated with a progressively more dispersed Golgi material. 
Since there is considerable evidence from other glandular cells supporting the view' 
that an enlargement or dispersal of this structure is indicative of secretory activity. 
It is believed that the transition from dark cells with compact Golgi bodies, to clear 
cells with dispersed ones, represents a transition from a non-secretoiy- storage phase 
to one where the secretion has been released. Since the active principle is not in the 
form of prosecretion granules, it is not possible to associate these changes with a 



250 


C. L. FOSTEll 

dcgrnmilntion process.- Although the fact that the i)rogrcssive decrease in the staining 
cn})ncity of the cells proceeds in the s/ime direction ns the changes in the Golgi material 
lends suj)port io the above interpretation, such evidence could only be regarded as 
truly corroborative if it could bo proved that the release of a secretory substance is 
associated with the progressive loss of a sfainablo material from the cells. EosoT 
described the dark colls in the rat as being filled with an osmiophil secretory substance, 
which is ultima'tely discharged into tlie blood-ve.ssel after having collected at the 
secretory jiolo of the cell on parallel osmiophil strands. According to this investigator 
these strands arc comiiosite derivatives of a Golgi body dispersed into threads and 
osmicated filamentous mitochondria. Since, after the secretory release, the cell to 
a large extent loses its osmiophil characteristics, the cycle in the rat appears to consist 
of a rhythmic .synthesis and release of an osmiophil substance. Although the dark 
cells in the mouse were readily detectable without staining, by reason of their deeper 
colour, nothing resembling the condition of intense osmication described by Rosof 
was observed. The cells at the periphery of the glands impregnated by the Nassonov- 
Kolatschev method often showed definite osmiophil inclusions in the form of granules 
and threads, but those appearances were undoubtedly due to the over-impregnation 
which invariably occurs in the outer areas of material thus treated. Although it was 
found that an osmic-acid fixative was essential to enable the cell types to be differ- 
entiated, subsequent bleaching to the extent of removing the Golgi impregnation 
did not alter the differential staining capacities of the cells. Presumably therefore, 
the basophil material in the dark cells is an integral part of the c3^toplasm, otherwise 
it would have been removed by the bleaching process, or if in the nature of an un- 
combined lipoid, would have shown a much more intense osmiophil reaction than was 
in fact observed. 

The next problem that arises is the connexion betAveen the chief cells and the 
secretory cells. It has been shown that in the cytological differentiation of the 
gland, the dark and clear cells appear after the chief cells, and since evidence has 
been presented Avhich indicates tliat the latter are the final cells of a secretory cycle 
of which the dark cells are the beginning, then the dark cells must initiall}’^ arise 
either as transformations of chief cells or must bo derived from them by mitosis. Tlic 
general difference in shape betAveen these cells suggests that the latter mode of origin 
is the more likely, and if the chief cells are used up in this process, this nia3'^ explain 
their infrequenej^ in the adult gland. Further, it is possible that in the adult gland 
the dark cells are cajAable of multiplying themselves, but so far no observations in 
support of this have been obtained, since mitoses Avere but rarely observed either in 
normal or colchicine-treated material. It is hoped that further investigations on 
colchicine -treated material may throAV more light on this problem. 

The direct origin of dark from chief cells implies transitional forms, as may also 
a more indirect origin by mitosis. Such cells might be expected to possess cj^toplasmic 
characteristics intermediate betAveen those of the tAvo cells types (i.e. in regard to 
staining) and Golgi bodies of the chief cell type. Such cells Avere not observed, but it 
is clear that unless they Avere present in sufficient numbers for all stages to be observed 
they are liable to be confused Avith the dark-light transition cells. It seems most 
likely, hoAvever, that the formation of dark cells is a rapid process, perhaps folloAving 
immediately upon the mitoses of the chief cells and hence not readily detectable. 
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The final important point concerns the number of secretory phases through which 
a dark cell passes before reaching a state of permanent exhaustion. In other words, 
do the clear cells represent a permanent termination of secretorj^ acti\aty, or are they 
capable of being replenished wth the active principle, so that each cell during its 
active life undergoes a series of phases consisting of an alternate accumulation and 
release of secretory material? In the anterior lobe of the human pituitarj’^ Severing- 
haus [1936] was able to differentiate between the accumulation and release phases 
of the chroraophil cells by means of a constant alteration in the nuclear staining during 
one phase as compared with the other. As has been mentioned, no fixed alterations 
in nuclear staining associated with secretory activity were observed in the para- 
thyroid. Sometimes, however, cells were observed having similar dimensions to the 
clear cells, but possessing by contrast a basophil cytoplasm and Golgi bodies proximal 
to the nucleus. These are regarded as transitional cells in the process of either secretion 
accumulation or secretory release, having passed through at least one previous 
cycle. 

Although little is knowm of the physiological significance of nucleoli, it is possible 
that the progressive nucleolar changes associated with the development of the gland 
from the juvenile to the adult state may have some bearing on w’hat has been said 
above. If the transition from the multinucleolar to the uninucleolar nucleus occurs 
as the number of cycles of activity of the glandular cells increases, then this may 
explain the much greatef frequency of the latter type of nucleus in the adult gland. 
The chief cells being non-secretory would remain multinucleolar in the adult as in 
the juvenile gland. 

Gilmom [1939] and Morgan [1936] have summarized the c-eU types of the human 
parathyroid as observed after the ordinary histological fixation processes- During 
development the first cell type consists of the pale principal cells to which are added 
in succession the dark principal cells and finally the pale and dark oxyphil cells. 
Although any comparisons must be extremely tentative the pale and dark principal 
cells may include types corresponding to the chief, dark, transitional and clear cells 
of the mouse. Again, the large clear cells of the mouse might be compared with the 
oxyphil cells of the human and other species, since they both seem to be the result 
of ageing, but of course these cells have no acidophil reaction in the mouse. It is 
interesting to note that Waggener [1929] has recorded a rhythmical cytolysis in the 
parathyroid cells of the anuran, Rana catesbiana. Here the cells undergo vacuolization 
prior to a breakdown which results in the production of a coUoidal material; these 
may have something in common with the apparently senile large clear cells of the 
mouse. 

SUISIitABY 

1. Up to the age of about 10 days the mouse parathyroid consisted of chief cells 
only, w^hich were characterized by fairly compact Golgi bodies applied peruke-fike 
to the nucleus and cytoplasm with little affinity for stains. 

2. From about 11 days onwards a succession of new^ cells appeared in addition to 
the chief cells, but the gland did not acquire a cytological composition comparable 
with the adult until the age of 4^5 weeks. The new^ cells were: (a) dark cells with a 
basophil cytoplasm, (6) clear cells ^rith a more abundant but practically non- 
stamable cytoplasm, and (c) transitional cells intermediate betw’een (a) and (b). 
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•). Ihc variations in form and j)osition of the Golgi bodies and the gradations in 
tlic staining ea])acities of the oolls provided evidence for a secretory cycle, in which 
tJic dark cells t Iirongh t he transitional stages mentioned above became clear cells. In 
addition there was evidence to suggest that the cells passed through more than one 
03 "cle before becoming senescent. 

A small proportion of (he clear cells possessed ill-defined membranes and showed 
otJicr signs of cellular degeneration, ^fhey were regarded as senescent cells incapable 
of functioning in furt her secretory cycles. 

5. A progressive change was observed in the nucleolar constitution of the nuclei 
which ran parallel with the transition from the juvenile to the adult state, and a 
possible correlation between this observation and the secretory activity of the cells 
was suggested. 

G. In mice between (he ages of 1 and weeks the gland underwent a transition 
from the uniform cell arrangement of the juvenile to the lobular arrangement of the 
adult. 

I would like to thank Professor E. A. Spaiil of the Zoology Department, University 
of Leeds, for his generosity in ])roviding facilities for this work. I wish also to thank 
Dr J. H. Woodger for his interest and criticism. 
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EXPLANATION OF PLATE 1 

Fio. 2. Parathyroid of 7-day-old mouse, showing chief colls with thoir multinucleolato nuclei and scant 
cytoplasm. Champy fixation and acid fuchsin with methyl -groon — acid-violet staining, x 1000. 

Fio. 3. Parathyroid of 7-day-old mouso showing dense clumped appearance of tho Golgi bodies in the 
colls. Nassonov-Kolatschov technique. Unstained, x 1600. 

Fio. 4. Parathyroid of an adult mouso to show tho cellular difiorontiation. Groups of dark colls are 
visible along with transitional types and clear colls, tho latter having very clear unstained cytoplasm. 
Champy fixation and acid fuchsin with methyl-green — acid-violet staining, x 280. 

Fio- 6. Parathyroid of an adult mouso showing; (1) uninucloolato nucleus of a dark coll and (2) multi- 
nucleolato nucleus of a chief coll. Champy fixation. Iron hacmatoxylin staining, x 1000. 

EXPLANATION OF PLATE 2 

Fig 7. Cells of an adult parathyroid arranged around a ‘colloid’ mass (c) — an unusual arrangement. 
Notice* tho numerous rod -like mitochondria, most numerous proximal to tho ‘colloid*. Champy fixation. 
Iron-haematoxylin staining. X 1600. 

Fio 8. Colls of an adult parathyroid to show tlio forms of tho Golgi apparatus in tho colls of an unstained 
preparation. Tho preparation was focused primarily to show tho Golgi material. (1) A late transitional 
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PARATHYROID CYTOLOGY IN THE MOUSE 

cell showing Golgi material to right and left of the nucleus. (2) A transitional cell with Golgi material 
tending to move out into the cytoplasm. (3) A clear cell with a Golgi thread at some distance to left of 
the nucleus. (4) Another clear cell with Golgi material in the form of a detached mass to the left of the 
nucleus, Golgi body. Kassonov-Kolatschev technique. Unstained, x 450. 

Fig. 9, Cells of a stained adult parathyroid to show the various tj'pes. (1) A dark cell, with dark cyto- 
plasm and a Golgi strand close to the nucleus above and below. (2) A group of dark cells. The Golgi 
material is rather obscured by the darkness of the cj'toplasm. (3) A clear cell, with feebly impregnated 
Golgi material in threadlike form in the cytoplasm. This cell is probably senescent. Granular mitochondria 
may bo observed in the cytoplasm. Champy-Kassonov-Kolatschev technique; acid fuchsin with methyl- 
green — acid-violet staining, x 450. 


EXPLANATION OF PLATE 3 

Fig. 10. Adult gland. (1) Dark cell (possibly at the beginning of transition) showing Golgi body in the 
fom of granules close to the nucleus. (2) Transitional cell with less dense cytoplasm and Golgi material 
in granules more removed from the nucleus. (3) Senescent clear cell showing Golgi material (<^2) well out 
in the endoplasm. The nuclear membrane is irregular in' shape, ^1, reticular Golgi material of a cell whose 
nucleus is not in focus. This cell is probably a senescent clear cell, c, connective tissue trabeculum. 

Fic. 11. Adult gland. (1) Small dark cell with Golgi strand close to and below the nucleus. (2) Elliptical 
shaped dark cell with Golgi body {g) closely applied to the nucleus. (3) Another elliptical shaped dark 
cell with Golgi strands close to the lower side of the nucleus. (4) Very late transitional or clear cell with 
light cytoplasm and fragmented Golgi material, (5) This cell possesses the raultinucleolate nucleus 
characteristic of chief cells, but the thread-like Golgi body just detached from the bottom of the nucleus 
suggests a transitional cell. (6) CHear cell showing part of the dispersed Golgi material in the form of a 
granule (y). (7) Early transitional cell. The cj'toplasm is less deeply stained although the Golgi material 
(at the top and bottom of the nucleus) is still rather close to the nucleus. (8) Transitional cell \vith Golgi 
material (^) more dispersed in the cytoplasm, c, capillary. 

Both figures from Champy-fixed Nassonov-Kolatschev preparations. Acid 
fuchsin with methyl -green — acid- violet staining, x 1500- 



COMPARATIVE ACTION OF STJLBOESTROL AND 
OESTRONE ON BODY GROWTH AND ON THE 
WEIGHT AND GONADOTROPIN CONTENT 
OF THE HYPOPHYSIS 

Hv I‘. h, , From tlu: Dcjmrlmoit oj Phjfsiologi/y Univcrsiif/ of Buffalo^ 

Buffalo^ Nc.w York 

(RrccAvcd 13 A^ril 1012) 

Thcinorcasoin woipliiofthcliypophysis following treatment with oestrogenic hornionci 
has been rcpoafodly oi).scrvcd [Leonard, J\rcycr & Hisaw, 1931; Wolfe & Chad\wk 
103G; Cramer Sc Horning, 1930; Halpcrn Sc D’Ainour, 193G; Frcudenberger & Clausen 
1937; Lauson, Heller & Sevringlmus, 1937; Bacsich Sc Follcy, 1939; Griimbrecht 
19*10]. Likewise the observation that the gonadotropin content of the pituitary can be 
reduced by oestrogens is not new [Meyer, Leonard, Hisaw & Martin, 1930]. Recent 
researches on slalboestrol liavc shown that this oestrogenic substance also affects the 
hypophysis in a similar manner [Noble, 1938; Mellish, Baer Sc I^facias, 1040; Page, 
Russel, Schwabo, Matthews Sc Emory 1941]. In this paper a comparison between 
ocstrono’^ and stilbocstrol is made using rats for the test animals and the weight and 
potenej" of the pituitary as indicative of the effects induced by treatment with the 
same amount by weight of these two oestrogens. 

MATHRIAD AND MKTKODS 

The animals wore albino rats of the same age and usually litter mates. These were 
always divided into three groups of nearly equal weight at the time treatment was 
instigated. All three groups were injected intraperitoneally with equal amounts of 
sesame oil, which was the vehicle for the oestrone and stilboestroh A total of 1 15 donor 
rats consisting of thirty-six males and soventj^'-nine females were subdivided into 
several groups for the purpose of studying effects of tlie size of the dose, length of 
treatment, duration of castration, and, to some extent, comimrison of sexes. Since 
these groups are described in the body of the paper their arrangement need not bo 
repeated here. 

Stilbocstrol readily went into solution in the sesame oil, even in the largest dose 
used (5 mg. in 1 ml.). The oestrone was also quite soluble in sesame oil, but in the 
6 mg./mt. doses it was given in suspension in 50 % aqueous-oil emulsion. This pro- 
cedure was adopted because the oestrone came in aqueous suspension. The gonado- 
tropic potency of the pituitary was tested b}^ tlie usual method of pituitar}^ implants 
in the muscles of virgin rats 25 days of age. The ovaries of tlie recipients wore weighed 
5 days after they had received the implants. 

♦ Oosfcrono in tto form of ‘Thoolin’ was obtained through tlio courtesy of Dr Oliver Kamm, PnrK^ 
Davis & Co., Detroit, Michigan, and stilbocstrol was obtained fcljrough the courtesy of Dr Edwar 
Schwonk, Schoring Corporation, Bloomfield, Now Jersey. 
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EXPERrsir^NTAI, 

Action of oestronc and slilboestrol on long -castrated rats 
Doses equivalent to mg. daily 

Thirty-four females, castrated 8 weeks before treatment, were divided into three 
groups and treated for periods of 10, 20 and 50 days (Table 1)* All injections were 
intraperil oneal and given daily for the first 10 days; thereafter every fifth day. All 
rats received the equivalent of 0*1 ml. of sesame oil daily. In addition, groups A, D 
and G received 0*1 mg. of stilboestrol and groups B, E and H 0*1 mg. of oestrone per 
injection (Table 1). 

Table 1 shows the number of rats, kind and duration of treatment, body and pitui- 
tary weights of the donors, and the ovarian weights of the recipients. The 10-, 20- 
and 50-day groups are analysed separately, and in order to increase the number and 
render a more valid analysis these data are combined into a stilboestrol group (J), 
an oestrone group (K) and a sesame-oil group (L). 


Table 1. Effect of daily intraperitoneal infections of 0*1 mg. of stilboestrol 


or oestrone on female rats castrated 8 %ceeJ:s previously 

■ Gk^nadotropin 
content of hj'pophyeia 





Duration 

Body weight 

Wt. of 


/ 

^ ^ 




of 


A. 

hypo- 


Wt. of test 










Ko. of 


treatment 

Before 

After 

physis 

Significance 

ovaries 

Significance 

Group 

rats 

Oestrogen 

days 

g- 

g* 

mg. 

ratio* 

mg. 

ratio* 

A 

12 

Stilboestrol 

10 

1G7 

158 

n -0 

A-B 0 -1 

39-1 

A-B 2-5 

B 

12 

Oestrone 

10 

171 

157 

IM 

B-C 0-8 

C3-5 

B-C 0-2 

C 

12 

Control t 

10 

17G 

179 

11-8 

A-C 1-0 

67-2 

A-C 2-2 

D 

12 

Stilboestrol 

20 

239 

218 

13-5 

D-E 0-G 

18-2 

D-E 2-4 

E 

12 

Oestrone 

20 

244 

239 

12-7 

E-F 0-2 

41-9 

E-F 2-0 

F 

12 

Control t 

20 

251 

244 

12-5 

D-F 0-7 

GG-0 

D-F 4-3 

G 

10 

Stilboestrol 

50 

254 

250 

13-G 

G-H 0-2 

24-9 

G-H 1-4 

H 

10 

Oestrone 

50 

237 

242 

13-9 

H-I 1-G 

63-C 

H-I 1-3 

I 

10 

Control t 

50 

232 

245 

12-2 

G-I 0-9 

44-9 

G-I 2-2 

J 

34 

Stilboestrol 


218 

20G 

12-G 

J-K 0-0 

27-5 

J-K 3-7 

K 

34 

Oestrone 


216 

211 

12-0 

K-L 1-0 

55-9 

K-E 0-5 

L 

34 

Control t 


219 

221 

12*1 

J^L 1-2 

60-1 

J-L 4-4 


* Significance ratio; 


difference of means 


S.E. of differences 

t Controls were injected with equal volume of sesame oil (0-1 ml. daily). 


Standard error of differences = J[(s.e.)* + (s.e.)*]. s.e.= ’ — . 


A reduction in body weight was a constant finding in the stilboestrol-treated rats, 
occurring in all groups (A, D, G, Table 1) even after brief treatment as showm by a 
loss of 9 g. at the end of 10 days (group A). These changes were not significant (ratio 
not shown in Table 1) when the groups (A, D, G) were analysed separately or as a 
combined group (J, Table 1). Tlie latter group lost 12 g. during treatment, but this 
mean difference divided by the standard error of the difference (subsequently referred 
to as the significance ratio) gave a quotient of only 1*7. If this figure was 3 or more 
the means were considered to be significant!}'’ different. The loss of weight in animals 
treated with stilboestrol was in agreement with published rejiofts [Noble, 1938; 
Mellish et aL 1940; Matthews, Emery & Schwabe, 1941; Deanesly & Parkes, 1941]. 
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J lu- iiu nti body \vciglif,s of the mbs injccfcd with ocstronc were also smaller at the 
cm of (icatmciit than at the fit art in grouj)s B and 12, wliilc those in group H, where 
tlu‘ duration of treat inont was 50 days, were slightly larger. These mean differences 
were small and not significant when analysed cither as single groups or as a combined 
group (K. Table 1). 

I ho pituitary weight was normal when the treatment was of 10 days’ duration, 
the means being 1 1*0, 11*1, and 1 1*8 mg. in the stilbocstrol-treatcd, oestronc -treated, 
and cojUrol rats inspect ively (Table 1). A small increase in weight of the pituitary 
was found aftor treatment with stilboestrol for 20 and 50 days (groups D, G, Table I), 
and in the combined group J. All of these increases were slight and not significant; 
the largest significance ratio was obtained when the data were combined, and here 
it was only 1*2 (Table 1), indicating that the increase in weight was not significant. 

Ocstronc also increased the weight of tlic hypophysis wlien the treatment was of 
20 and 50 days* duration (Tabic 1), and like stilboestrol the mean differences were 
small and not significant. Ncitbcr was there a significant difference in weight of the 
l^ctwccn tlie stilboestrol- and oestronc-treated rats. TJic significance ratios 
of nil tlicsc comparisons arc given in Tabic 1 , and as shown tlie largest ratio is onlj’^ 1-6. 
Therefore, one must conclude that stilboestrol and oestronein doses of 0*1 ing. dailj" 
did not significantly increase the weiglit of the pituitary gland in these long-castrated 
rats. 

The gonadotropic potency of tlie pituitary was reduced in all groups treated with 
stilboestrol, and the effect was greater tlian that obtained witli oestrone. Tlie mean 
weights of the test ovaries illust rate tliis potency. TJiese data and also tlie significance 
ratios for cacli group singly and combined arc given in Table 1, wliicli shows that 
witli tlie c.YCcption of group H the jiituitary glands of all tlic stilboestrol- and oestrone- 
treated groups stimulated l-hc test ovaries considcrabl}^ less than did tlie pituitary 
glands of control rats. TJic gonadotrojiin content of tlic jiituitary was significantly 
reduced by stilboestrol ingroujiD, and in the combined group J where the mean ovarian 
weights were 18*2 and 27*7 mg. and the significance ratios were 4*3 and 4*4, respec- 
tively (Table J). On the otlier liand, treatment with ocstronc did not yield a single 
significant change in this pituitary hormone as indicated by tlie mean ovarian weights 
of the test rats and the significance ratios wliicIi were below 3*0 in every case (Table 1). 

In the 50-day experiment the mean ovarian wciglits of the test rats treated with 
the pituitaries of control rats were obviously below the exjiected weight, being only 
44*9 mg. (group I) as contrasted with 67*2 and 60*0 mg. in control groups C and I. 
This variation was eliminated wlien the groups were combined (group L, Table 1). 


Doses of 1 mg. daily 

Fifteen long-castrated female rats given I mg. of stilboestrol in 0*2 ml. of sesame 
oil daily for 20 days showed a retardation of body growth. This is indicated in Table 2, 
where the mean body weights arc jiractically the same at the beginning and end of 
the experiment. Fifteen similar rats given 1-0 mg. of oestrone in the form of ‘Theclin 
in 0*2 ml. sesame oil showed a gain of 14 g. in body weight and the controls gained 
22 g. (groups M, N, 0, Table 2). 

Tlie pituitai'y gland was increased in weight in the stilboestrol- and oestronc- 
treated groups. The change in the latter group was more than in the former as shown 
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Table 2. Effect of dailu intrapcritoneal injections of hO mg. of slilboestrol or oestrone 
on female rats castrated 8 tveeJcs previously. Duration of ireuiment xvas 20 days 


Body weight 


Group 

No. of 
rats 

Oestrogen 

Before 

6* 

After 

g- 

M 

15 

Stilboestrol 

203 

20C 

X 

16 

Oestrone 

187 

201 

0 

15 

Control t 

200 

222 


Goimdotropin 
content of hypophysis 

- ^ — 

Wt. of Wt. of test 

hypophysis Significance ovaries Significance 

mg. ratio* mg. ratio* 

14-4 0-7 13-3 0*9 

15*3 X-0 3 0 10*0 N~0 5*5 

119 M~0 2 0 65‘2 M-0 5-3 


* As in Table 1. 

t Controls injected with same volume of sesamo oil (0*2 ml. daily). 


by comparison the control group 0, and by the significance ratios 'svhich were 2*0 
and 3*0 in the two groups (Table 2). These changes in pituitary weight although not 
startling were greater than those sho^vn in Table 1 for smaller doses of stilboestrol and 
oestrone. 

The main purpose in exhibiting Table 2 is to show the drastic reduction in the gonado- 
tropic activity of the hypophysis induced by daily doses of 1*0 mg. of the two oestro- 
gens daily. The ovarian weights of the test rats were equal to or even smaller than the 
ovaries of untreated 30 -day-old rats in our colony (approximately 13 rag.) and sharply 
in contrast to the ovaries of the recipients receiving pituitary implants from sesame- 
oil-injected donors. The mean ovary weights were 13-3 mg. for the stilboestrol-treated 
group, 16*0 mg. for the oestrone-treated group, and 65*2 mg. for the sesame-oil group 
(Table 2). In spite of the lack of increase in ovary weight, twenty-nine of the thirty 
test rats in groups M and N had sufficient ovarian stimulation to open the vaginal 
canal, and six in each group showed positive vaginal smears. This confirms previous 
reports [Emery, Bash & Lewis, 1931; Emery, 1937; and Heller, Lauson & Sevring- 
haus, 1938] that the uterus and vagina respond to doses of gonadotropic hormones 
that are minimal or even sub thresh old for increases in ovarian weights. Tests showed 
that bits of liver, brain and muscle tissue (weighing 15-40 mg.) taken from these donor 
rats did not bring about oestrus when implanted in castrated rats weighing approxi- 
mately 70 g. each. Therefore the oestrus found in the test rats of Table 2 must have 
been due to the pituitary implants acting through the ovaries. 


Oestrone and stilboestrol injections in recently castrated rats 

A total of thirty-six male rats forming three groups were injected intraperitoneally 
every 5 days with 0*5 ml. of sesame oil beginning on the day of castration and con- 
tinuing for 50 days. In addition to the sesame oil, group P (Table 3) received 0*5 mg. 
of stilboestrol and group Q 0*5 mg. of oestrone at each injection. The results are 
shown in Table 3. 

The body growth of these male rats was little affected by either stilboestrol or 
oestrone when compared with the growth of those injected with se.same oil. Each 
group gained approximately 30 g. during the 50 days of treatment. 

The mean pituitary weight was also little affected by either stilboestrol or oestrone 
and tlie small changes observed were not significant. All three groups showed the 
expected increase in ))ituitary weight which follow.s castration, the mean weights 



2ns 


3'’. E. EiMERY 


Tnhio n. Effect of vifraperitoucnl vijcctiou.'^ of 0-5 ing. of slxlbocslrol or ocslronc every 
fifth (fay on en.’^tmted male rah. Duration of treatment xvas 50 days, starting on the 
day of castration 


Gnujp 

V 

Q 

n 




Uody 

WOJftllt 

Xo. of 


Hoforo 

Aftor 

nU'i 

Ontrofr^n 

K- 


v: 

rol 

20G 

207 

12 

OoHtrorv' 

2(!0 

200 

12 

Control! 


200 


Gonadotropin 
content of hj^pophysia 


Wt. of 
popliyaiH 

Signifienneo 

Wt. of tost 
ovaries 

Significanco 

rng. 

rntio ♦ 

mg. 

ratio* 

1 30 

P-Q I-O 

27-7 

P-Q 0-3 

II -4 

Q-R 0-6 

30-3 

Q-R 3 0 

13-7 

P-R 0*G 

65-S 

P-R 31 


• Ah in Tnhh J. 

I Controls injecto<I witli namo voliimo of posaino oil (01 ml. daily). 


being approximately M'O nig, (Table 3), wlicrcas in our colon}’' the pituitary of similar 
normal male rata weighs npj)roximntcly 7*5 mg. [Emery, Emery & Schwabo, 1940]. 

The main purpose of these experiments was to see if tlie gonadotropic activity of 
tlie pituitary would increase after castration even though stilboestrol and oestrone 
were being absorbed continually from t he date of castration. As previously shown the 
absorption or at least the effect of a single treatment lasts mucli longer than the 
/>-day interval between injections employed here [Emery, Matthews & Schwabe, 
1941]. Table 3 shows the mean ovarian weights in recipient rats implanted with the 
pituitary glands of donor rat-s treated vdtli stilboestrol (group P), oestrone (group Q), 
or sesame oil only (grouj) R). The results obtained with doses equivalent to 0*1 mg. 
daily show that although the gonadotropic activity of the pituitary did increase 
following castration the total activity of each pituitary remained far below that of 
pituitary glands from castrated male rats treated Avith sesame oil only. The mean weights 
of the test ovaries were 27-7, 30-3, and 65-8 mg. in these three groups respectively. 
The corresponding mean ovarian weight in recipient rats treated 'vvitli one normal 
adult male rat pituitary vms found to be 17-6 mg., a figure corresponding closely to 
the mean weight of 17*4 mg. obtained a few years ago [Emery el aL 1940], 


DISCUSSION 

A study of the tables reveals that the depression of body growth was slight, although 
more evident in rats treated with stilboestrol than in those treated with oestrone. In 
each group the range of body weights was considerable ; this is reflected in the statis- 
tical analyses which showed tliat the mean body u^eiglits at the beginning and at the 
end of the experiment were not significantly different. These rats therefore were 
obviously not suited for detailed study of the effects of stilboestrol and oestrone on 
body weight. These data are mentioned here only as con&matory evidence of the 
known depressant effects of stilboestrol on body weight and growtii [Noble, 1938; 
Mellish ei al. 1940; Matthews et aL 1941; Deanesly & Parkes, 1941]. 

The amount of oestrone necessary significantly to reduce tlie gonadotropic activity 
of the hypophysis in the long-castrated rat is more than 0*1 mg. (about 330 r.u.) 
daily as Table 1 shows, but if injections are started on the day of castration this dose 
seems to be about the minimal amount required to maintain tlie gonadotropic ac6ivi6y 
below that of the comparable control (Table 3). Tliis amount of oestrone represents 
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an increase of five to seven times the amount secreted daily by the normal ovaries, 
as indicated by an estimated secretion of 200 r,u. at each oestrous cycle in the mouse 
[Marrian & Parkes, 1930], Although such a comparison is helpful it is obvious that the 
injection of hormones can hardly be expected to duplicate exactly the effects produced 
by the normal ovaries. It would seem that 1 mg. of oestrogen daily is more than is 
ever excreted by the normal ovaries of rats, for this amount reduced the gonadotropic 
activity of the hypophysis in long-castrated female rats. Stilboestrol was more 
effective than oestrone both in reducing gonadotropic* activity in long-castrated rats 
and in retarding the increase that normally follows castration. 

STXmiABY 

Stilboestrol and oestrone in sesame -oil solution were injected into castrated rats, and 
their effects on the body weight, pituitary weight and gonadotropic activity of the 
pituitary gland were compared. 

The rats were nearly full grown at the start of the experiment, and thus body growth, 
although evidently retarded, was not significantly different from that of controls. 
Growth was reduced more by stilboestrol than by oestrone in the female groups. 

The increase in the pituitary weight induced by oestrone seemed to equal that 
obtained with stilboestrol. 

The gonadotropin content of the pituitary of rats castrated 8 weeks previously was 
lowered considerably by stilboestrol in doses of 0*1 mg. daily, whereas similar treat- 
ment with oestrone produced no significant change. When the daily dose was 1-0 mg. 
both stilboestrol and oestrone completely abolished the gonadotropic activity of the 
pituitary under the conditions of the test. 

The increase in the gonadotropin content of the pituitary following castration still 
occurred even when stilboestrol or oestrone injections were started on the day of 
castration and continued to be given in amounts (0-1 mg. daily) that were probably 
equivalent to five to seven times that normally secreted by the intact ovaries. 
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THE REACTION OF THE UTERINE EPITHELIUM OF 
THE RAT TO OESTROGENIC STIMULATION 


IJV L. S. From (hn Imperial Cancer Research Fund iMboralorks, 

Mill Hill, NA\\7 

(Received 11 June 1912) 

Although an extensive litcraitirc exists on the liist^logical cliangcs in the uterine 
nnieos/t under the influence of oestrogenic stimulation, no detailed investigation 
appears to luive been made of tlic l)cIiaviour of the Golgi apparatus in the uterine 
epit heliul cells following ( rcatment witii oestrogens. It is well known that the internal 
structure of cells undergoes variation according to tlicir state of functional activity, 
and the Golgi apparatus in particular has been shown to pass through a sequence of 
changes in shape and in distribution within the cytoplasm in correlation with various 
phases of cell activity. Hyperactivity of the thyroid cpitlielium in exophthalmic 
goitre and hy{)crtropli}" of the prostatic epithelium following administration of 
androgens, for instance, arc each accompanied by characteristic variations in the 
form and distribution of the Golgi substance. 

Ex[)crimenls were undertaken to determine whether similar precise changes in 
the Golgi api)firatus of the uterine epithelium accompanied oestrogenic stimulation 
and covild be of value as indicators of the degree of stimulation induced by oestrogenic 
substances. 

MATERIAIi AND METHODS 

Wistar-strain, albino rats, bred in this laboratory and weighing 70-90 g., were 
selected for these experiments. Sixty-five rats were treated udth oestrogens and forty 
untreated rats were used ns controls. Vaginal smears were examined when it was 
necessary to determine the phase in the oestrous cycle of individual rats before 
fixation of the uterus. Pro-oestrus and oestrus are accompanied by hyperaemia and 
distension of the uterus with fluid, while during di-oestrus the uterine wall is collapsed 
and pale in appearance. These macroscopic changes were sometimes taken as sufficient 
indication as to whether the untreated rodents were in oestrus or di-oestrus. The 
effects of the synthetic oestrogens diethylstilboestrol and oestradiol benzoate upon 
the uterine epithelium were investigated by the tablet implantation technique of 
Deanesly & Parkes [1937]. Tablets of 5 or 15 mg. were implanted subcutaneously in 
rats during di-oestrus when the uterine epithelium shows little if any secretory activity. 
The tablets were removed 8-9 days later and, in order to study the recovery phases of 
the uterine mucosa, the left horn of each uterus was removed at the same time as the 
pellet. This uterine horn was fixed immediately after removal to serve as control 
material for comparison with the remaining right uterine horn taken at varying 
intervals following removal of the pellet of oestrogen. 

The most successful preparations of the Golgi apparatus in the uterine epithelium 
were obtained by Kolatschev’s method as modified by Nassonov [1937]. The 
sections were counterstained with orange G in clove oil. Aoyama’s cadmium chloride 
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modification of Cajal’s silver impregnation technique was also used, hut with less 
satisfactory results. Preparations showing mitochondria were obtained from material 
prepared by Schridde’s and Regan d’s methods. 

RESULTS 

The behaviour of the Golgi apparatus during the normal oeslrous cyde 

The lumen of each uterine horn in the rat is lined by simple columnar cells, which 
undergo slight structural changes during the oestrous cycle. A low columnar epi- 
thelium is present in the branched tubular uterine glands, similar to that recently 
described in the mouse by Fekete [1941]. Columnar secretory cells, rod cells and 
ciliated cells may be distinguished in the uterine epithelium. The secretory cells appear 
to be merely a functional variation of the rod cells, while the ciliated cells, apart from 
the cilia, are not different structurally from the simple columnar cells. Similar observa- 
tions have been made by Aykroyd & Gatenby [1941] on the human endometrium. 

Morphological variations occur in the Golgi apparatus of the uterine epithelial 
cells of the untreated rat during the oestrous cycle. It will be necessary to describe 
these variations first before any significance can be attached to the more extensive 
alterations found in the epithehal cells after treatment with oestrogens. 

During di-oesirus the cells composing the columnar epithelium possess relatively 
clear cytoplasm. Their nuclei are large and elongated. In the proximal region of the 
cells close to the basement membrane, the majority of the cells contain fat droplets 
which stain brown ^vith osmic acid. The droplets disappear shortly after the onset 
of oestrus. These inclusions should not be confused with the Golgi substance 
(see Plate 1, fig. 2; Plate 2, fig. 8), which dming di-oestrus is condensed near the 
apical pole of the nucleus, and consists of distorted batons frequently orientated in 
the cytoplasm transversely to the longitudinal axis of the cell (Fig. 1 6). The uterine 
epithelial cells imdergo a slight hypertrophy during pro-oestrus. The nuclei become 
more spherical and the apical cytoplasm is slightly distended. Granules and vacuoles 
are dispersed throughout the cytoplasm. The Golgi substance still remains orientated 
towards the uterine lumen but it is less condensed and now assumes for the most part 
a longitudinal polarity mthin the cytoplasm in close apposition to the nuclear mem- 
brane. Fragmentation of the Golgi material is frequently observed (see Plate 1, 
fig. 3). The most conspicuous cellular changes during the cycle are to be found during 
late oestrus when the epithelial cells become elongated so that the distended apical 
cytoplasm projects into the uterine lumen, recalling the characteristic bleb cells in 
the epithelium of the F^allopian tube. The elongated nuclei are confined to the basal 
region of the cytoplasm and the Golgi substance is dispersed, although restricted to 
the apical cytoplasm. At this stage the Golgi substance is composed of twisted fila- 
ments which are no longer closely applied to the nuclear membrane. In the majority 
of the cells some of these filaments are intertwined mth one another, but their longi- 
tudinal polarity is maintained (Fig, 1 a). 

The reaction of the Golgi apparatus to oestrogenic stimulation 
The initial reaction of the uterine epithelial cells to oestrogenic stimulation involved 
a widespread fragmentation of the Golgi apparatus after 16 hr. treatment (Fig. Ic). 
These changes in the Golgi substance were accompanied by hypertrophy of the whole 
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Fia. 1. Cttmorn-hicida drawings of typical opitholial colls, showing tho morphological variations of the 
Golgi apparatus during oestrus and di-oostrus in tho normal untreated rat, and its gradual hypertroph}" 
in response to oestrogenic treatment. AH drawings wore made at tho same magnification, (a) Elongated 
colls, typical of tho ocstrous phase of the cycle, with elongated nuclei confined to tho distal ends of tho 
colls. Tho Golgi material lias assumed n thread-like structure, and a polarity longitudinal to tho coll axis. 
(6) Colls during di-oostrus. Tlio Golgi apparatus is juxta-nucloar and condensed, often in tho form of a 
distorted baton, I^dng transversely to tho axis of the coll, (c) Cells after 16 hr. treatment with oestrogen. , 
Tho colls have undergone enlargement, tho nuclei are spherical and tho Golgi substance has hyiJcrtrophict 
Tho cytoplasm of those colls containing a completely impregnated apparatus is homogeneous. Tho co 
in tho centre has a highl^^ granular cytoplasm, consisting of numerous small osmiophil granules, (d) Aftc 
24 hr. oestrogenic stimulation. Tho uterine colls have increased in size. Tho apical cytoplasm is granulni 
tho hypertrophied Golgi apparatus is very irregular in shape and frequently forms a moshwort 
(c) Cellular hjqjortrophy after 3 daj^s* treatment. Tlio Golgi material lias increased throughout th 
cytoplasm. Observe tho longitudinal orientation of tho Golgi material to tho axis of tho coll. {/} Th 
maximum cellular hypertrophy occurring after 7 days* treatment. Tho greatl}^ enlarged Golgi apparatu 
has lost its polarity, having formed an irregular meshwork, frequently extending around tho nucloa 
membrane towards tho distal ends of tho enlarged colls, (p) Colls after 8 days* treatment: tho Golg 
network begins to fragment, and chromatolysis becomes evident, (A) Recovery phase: illustrating th( 
rapid return of tho uterine colls and tho Golgi apparatus to their normal condition, 7 days after romova 
of tho implanted pellets of oestrogen. Tho cells, including tho Golgi apparatus, although still slightl) 
enlarged, possess a similar structure to those soon during di-oostrus in tho normal untreated rat. 
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endometrium, which attained it« maximum enlargement 7 days after insertion of the 
pellets of oestrogen (Fig, 1/)* The relative degree of cellular hypertrophy following 
"*6 hr. oestrogenic stimulation can be appreciated best by an examination of Fig. Ic. 
’he enlarged epithelial cells were cuboidal and most of the nuclei were spherical. 
?hree distinct cell types could be recognized, all of which were typical of this period 
•f treatment; viz. cells which contained no recognizable Golgi substance wth cyto- 


)lasm almost entirel}’^ masked by small osmiophil granules (Fig. 1 c), a second type 
)OssessiDg relatively clear cytoplasm with a condensed Golgi apparatus, often forming 
t close network at the apical pole of the nucleus, and a third or intermediate cell type 
n which a fragmented polymorpliic Golgi apparatus was present together ^vith coarse 
)smiophil granules dispersed throughout the cytoplasm. 

It seems likely from these observations that the Golgi material first responds to 
Destrogenic stimulation by undergoing fragmentation which is later followed by a 
recovery phase accompanied by reformation of the Golgi apparatus. Detailed 
examination of the uterine epithelium showed that the early response of the cells to 
short periods of treatment with oestrogens did* not depend upon the amount of 
oestrogen implanted. The first obvious changes in the Golgi substance were observed 
following 16 hr. treatment, similar results being obtained whether the rodents had 
been implanted with pellets of 5 or 15 mg. of either stilboestrol or oestradiol benzoate. 

After 24 hr. the general hypertrophy of the uterine mucosa was more pronounced 
(Fig. Id and Plate 1, fig. 4). The cytoplasm of the epithelial cells was slightly more 
granular particularly in the areas bordering on the lumen. The hypertrophied Golgi 
substance formed a dispersed irregular network which extended in some cases from 
the surface of the nuclear membrane to the apical margin of the cytoplasm (see 
Plate 2, fig. 10). 

The uterine mucosa at the conclusion of 3 days’ treatment had imdergone more 
pronounced morphological changes following oestrogenic stimulation. These changes 
were well demonstrated in the folds of the surface epithelium, as shown in Fig. 1 e and 
Plate 1, fig. 5. The uterine cells were more enlarged than those examined after 24 hr. 
treatment. A considerable hypertrophy of the Golgi substance had occurred since it 
now formed loosely drawn out networks made up of intertwining filaments. The 
irregularly shaped strands forming the meshwork were stretched out longitudinally 
with reference to the cell axis, often extending from the basal to the apical regions of 
the enlarged ceUs, with part of the meshwork closely applied to the spherical nucleus 
(see Plate 2, fig. 9). 


After 7 days, the longitudinal polarity of the Golgi substance, so characteristic 
after 3 days’ treatment, was absent (Fig. If). Although the uterine epithefium had 
reached its maximum thickness at this period, no further enlargement of the Golgi 
apparatus was detected. In fact the network was more condensed (see Plate 2, fig. 11) 
and frequently occupied a position in the cytoplasm at either pole of the nucleus. The 
cytoplasm became vacuolated and the distended cells, with apical cytoplasm projecting 
into the uterine lumen, were a characteristic feature of this phase of treatment. 

On the 8th day of treatment the cytological changes were even more pronounced 
an fra^entation of the Golgi material had begun (Fig. Igr). The dispersal of the 
gi substance became more marked in those cells undergoing degeneration and was 
accompamed by chromatolysis of the nuclei (see Plate 1, fig. 6). 
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I hr rrrnvrrt/ plin.<!r.'; of tlir utrriiic rpit/icHuyn following removal of oestrogen pellets 

Tlir rnpiilily with wliirh liio utoriiio opitliclitim nnd the Golgi substance return to 
tlic noriiml uuHtimulated oondilion, following removal of the implanted tablets of 
oestrogen, is strihingly illustrated when one compares Figs. C and 7, Plate I. 
Fig. r» show.s the enlarged ])olymori)hie. Golgi hodic.s in the hypertrophied epithelial 
cells following S days’ treatment with oestrogen. Fig. 7 illustrates the cytologicnl 
appearance! of the uterine c[)it.hclium and the Golgi substance from the remainder of 
the same uterus which was left' in situ for 7 daj’s after the pellet had been removed. 
The uterine mucosa was still slightly enlarged but in general appearance the epithe- 
lium was comimrable with that of an untreated rat during di-oestrus, e.xcept that 
the Golgi substance was fragmented (Fig. 1 h; Plate 1, figs. 2, 7) and tended to 
accumulate in larger masses in the distal region of the cj'toplasm. Aggregations were 
also seen, Ic.ss frequently however, around the nuclear membrane. In the apical 
endoplasm the Golgi substance was conden.scd, forming irregular shaped batons, thus 
rc.sombling t he condition of the Golgi substance in the uterine mucosa of the untreated 
normal rat during di-ocstrus. 

niscussioN 

The consistent morphological fluctuations of the Golgi apparatus, which have just 
been described in the uterine epithelium of the untreated rat during the oestrous 
cycle, show that normal oest rogenic activit}'^ is sufficient to produce cellular changes. 
It is therefore not surprising that more marked reactions of the Golgi substance follow 
the c.xpcrimentnl administration of ocstrogens. The rapid return of the Golgi substance 
to its normal structure and distribution, when this treatment is terminated, indicates 
that oestrogenic stimulation docs not cause permanent alteration in the structure of 
the uterine cells. 

The preceding survey has further shown that it is possible to correlate variations 
in form nnd distribution of the Golgi apparatus Avith different periods of treatment 
with ocstrogens. Tlie question now arises wliether this phenomenon is of value in 
determining whether substances are possessed of oestrogenic activity, in the same 
way ns the Golgi apparatus of the prostatic epithelium is employed as an indicator of 
androgenic activity. Although the microscopic examination of vaginal smears is 
generally regarded as reliable for the estimation of oestrus in animals, the following 
criticisms have recently been raised against this technique by Hechter, Lev & 
Soskin [1940]. It has been shoAvn that vaginal cornification is not necessarily a 
specific test for the presence of ocstrogens since yohimbine, a non-oestrogenic alkaloid, 
is capable of producing rapid vaginal cornification in spayed mice foIIoAving short 
periods of treatment. It is also known that several of the carcinogenic liydrocarbons 
induce similar changes, AAdien injected into rodents [Wright, 1936], Similarly other 
investigators have reported extensive keratinization of the vagina as one of tlie 
effects of a vitamin-A-deficient diet. The effect in this case is such that the extensive 
cornification of the vaginal epithelium entirely obscures the normal changes during 
the oestrous cycle [Wright, 1936]. Freed, MesiroAV & Soskin [1937] haA^e also shoAvn 
that normal cyclic vaginal cornification can take place in rabbits which Avere found 
upon laparotomy to possess atrophic ovaries and uteri. Several investigators liave, 
therefore, introduced alternative methods for testing substances for oestrogenic action. 
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Gillman [1940] has employed fat wthin the uterine epithelial cells as an indicator 
of oestrogenic activity. He has described an accumulation of fat which may be 
stained udth fat-soluble dyes like Scharlach R, udthin the cytoplasm of these cells 
during the oestrous cycle. This phenomenon has been shown by Aykroyd & Gatenby 
[1941] to occur during the menstrual cycle in the human endometrium. Gillman [1941] 
brings forth interesting evidence which shows that an expess of oestrogen in the 
presence of a low level of progesterone leads to a decrease of fat in the human uterine 
mucosa. 

Astw^ood [1938] has described a 6 hr. method for the quantitative determination of 
oestrogens by employing variations in the w’ater content of the uterus. The uteri of 
23-day -old rats, following a single injection of 0* lp,g . of oestradiol, undenvent extremely 
rapid changes which were accompanied by an increase in the weight of the organ, due 
entirely to an accumulation of water. The quantitative response of the uterus to 
oestrogens was calibrated with sufficient precision to permit its use as a method for 
standardization of oestradiol and oestrone. 

It will be unnecessary to comment upon the present status of the Golgi apparatus 
as a cytoplasmic component since the subject has been reviewed extensively by 
Kirkman & Severinghaus [1938]. With reference to the present experiments it should 
be emphasized that the Golgi apparatus is not an artefact arising from the treatment 
of cells with osmium tetroxide or silver nitrate and that, although little is known of the 
composition of the substances which make up the Golgi apparatus and still less can 
be surmised as to its function vdthin the cell, a sequence of changes in the form and 
distribution of the Golgi substance has been described in almost all exocrine and 
endocrine glandular cells in relation to states of rest, secretory activity, overstimula- 
tion and exhaustion. In the absence of well-defined secretoiy products in the cyto- 
plasm, the condition of the Golgi substance may be the only means of assessing the 
state of functional activity of individual glandular cells. According to Cramer & 
Ludford [1926], Cowdry [1928], Okkels [1931] and Welch & Broders [1940], there is a 
close correlation between the behaviour of the Golgi substance in the thjToid epi- 
thelium and various stages of secretory activity in the thyroid gland in both normal 
and pathological conditions. In the anterior lobe of the pituitary body Severinghaus 
[1937] has described phases in the form of the Golgi apparatus typical of rest and 
stimulation in both the acidophil and basophil cell t 3 rpes. Hyperactirity of the islets 
of Langerhans induced by prolonged administration of oestrogen in the mouse is 
accompanied, according to Vazquez-Lopez [1940], by an unusual enlargement of the 
Golgi apparatus in every cell of the islets. Finally, in the reproductive system Moore, 
Price & Gallagher [1930] described characteristic cytological responses in the epithe- 
lium of the prostate and seminal vesicle to varying concentrations of male hoimone. 
The state of the Golgi apparatus in the epithelium of these glands has proved to be a 
reliable method of testing preparations for androgenic action. 

Whilst it is not suggested that the examination of the Golgi apparatus in uterine 
epithelial cells should replace the vaginal smear technique as a test for the action of 
oestrogenic substances, the present experiments indicate that the method is a reliable 
alternative procedure. 
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.StTMMAriY 

J. In f}i- 0 (-\s(rn«, (lie Gnlj-'i /ippnmtus of (he iifcrino epithelial colls in the rat form; 
n iclatively compaef mass of osrniopliil siihstnnco at the apical poles of the nuclei. 

Eiiring pro-oe.strns and oestrus (ho cells enlarge and (he Golgi material become; 
hy[)rrl n){)hiefl to form a network. 

•k Under the inflneneo of ocslrogcna adminfslcrcd by the subcutaneous implanta- 
tion of pellctxS, the uterine cells witli tlioir Golgi substance enlarge in direct relation 
to (lie jieriod of stimulation. 

is A maximum degree of stimulation involving a dispersal of the Golgi substance 
throughout tlie cytoplasm is obtained 7 or 8 days after implantation with oestrogen, 

5. Withdrawal of the oestrogenic stimulation is followed by recovery of the uterine 
epithelial cells and return of the Golgi ajijiaratus to the resting condition characteristic 
of di-oestrus. 

0. MorphoIogi(*nl changes in the Golgi apparatus after the administration of 
oestrogens arc similar to tliosc occurring in other types of glandular cells under the 
influence of an appro])riatc stimulus, and sucli changes may bo used as reliable in- 
dicators of the action of oCvStrogcns. 

"rJic author wishes to acknowledge liis indebtedness to Dr W. P. Short, Eesearch 
Department-, BootvS Pure Drug Co., for tlic suppl}^ of sbilboestrol pellets, and also to 
Mr F. J. Pittock, P.R.P.S., for the 2 )liotoinicrographs. 
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EXPLANATION OF PLATE 1 

Photomicrographs of tho uterine mucosa of untreated and treated rats. All material was fixed and treated 
by Kolatschov’s modification of Nnssonov’s motliod, and subsequently stained with orange G m ciovo oj . 
Magnifications X 400. 

Fio. 2, Tho uterine epithelium of an untreated rat killed during di -oestrus. Tho Golgi apparatus is 
condensed at tho apical pole of tho nucleus. 

Note tho dense accumulations of fat droplets proximal to tho basement membrane. 

Fig. 3. Pro-oostrous phase of the cycle, wliich is accompanied by a slight enlargement of the 
epithelium. Pronounced changes in tho structure and distribution of tho Golgi material liavo occurr 
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Fig. 4. After 24 hr. treatment with oestrogen. The uterine epithelium has enlarged, the Golgi apparatus 
is hypertrophied, and more irregular in shape. 

Fig. 5. Increased hypertrophy of the uterine cells after 3 days* treatment, as shown in a fold of the 
surface epithelium. The enlarged Golgi apparatus has become more dispersed, and thread-like in structure. 
In many cells the apparatus has assumed an orientation longitudinal to the cell axis. 

Fig. 6. Section of uterus removed at operation after 8 days’ treatment, showing maximum enlargement 
of the epithelium. The orientation of the hypertrophied Golgi material is lost, and fragmentation has 
occurred. Many of the nuclei are masked by the Golgi substance. 

Fig. 7. Section of uterine mucosa from the same rat as that seen in fig. 5, killed 8 days after removal of 
implanted tablets of oestrogen, showing recovery of the epithelium and Golgi apparatus. Compare 
with figs. 2 and 3, illustrating the condition in the normal and untreated epithelium. 


ZXPIiAKATIOK OF PLATE 2 

Photomicrographs magnified x 4000 of uterine epithelium from normal and oestrogen-treated rate. 

Fig. 8. Uterine cells from untreated rat fixed during di-oestrus. The condensed Golgi material is closely 
applied to the nuclei. Large aggregations of fat are seen in the proximal regions of the cell. 

Fig. 9. Typical reaction of uterine cells after 3 da};^’ treatment. 

Fig. 10. Enlarged cells after 24 hr. treatment showing the hypertrophied and dispersed apparatus, 
together with some scattered osmiophil granules. 

Fig. 11. Aggregation of hypertrophied Golgi substance, in a greatly enlarged cell after 8 days’ treatment. 



INDUCTION OF SUPEROVULATION AND 
SUPERFECUNDATION IN RABBITS 

JJv A. S. PAKKES, From (he National In.sHtufc for Medical Research, London, AMF.3 

{Received 5 June 1942) 

Tlic discovery of tlio gonndotropliic liormoncs prompted tlio Jiope that it would 
readily be possible to induce fertility in immature or anoestrous animals and to 
axigmont fertility in t hose already capable of breeding. Unfortunately, many diffi- 
culties have been cxi)oricnced, owing to the complexity of the endocrine control of 
the fertile c^'cle, to the inixturc of effects produced by most of the gonadotrophic 
preparations available, and to the uncertainty of the extent to which the animal’s 
own pituitary becomes involved, l^forcovcr, the augmentation of fertility in breeding 
animals presents special problems of a mechanical and metabolic nature. 

Early in the work with pituitary hormones. Smith & Engle [1927] reported that 
they had been able to secure the ovulation of twenty to forty-eight follicles in one 
ovary of the rat or mouse, and later Engle found [1927, 1031] between nineteen and 
twenty-nine implantations at the 9th-10th day of pregnancy. In a later study Cole 
[1937] examined the effects of gonadotroidiic extracts of pregnant mare’s serum on 
fertility in rats. In mature animals he found that small doses given during meta- 
oestrus increased the average litter size sh'ghtly, but no litter exceeded in size the 
largest found in control animals. Suporovulation and superfeeundation were found in 
treated immature animals. Mating and superimplantation followed injection on the 
22nd day of life, while 49 % of rats injected on the 26th-31st day mated, and of 
these, 38 % had more than twenty embryos on the 10th-12tli day of pregnancy. The 
greatest number of living young obtained in one litter was seventeen. 

Evans & Simpson [1940] carried out further detailed work on rats. They used a 
highly purified follicle-stimulating extract of pituitary origin, alone or in combination 
with chorionic gonadotrophin, and, in keeping with Cole’s work, they used rats 
20-34 days old at the beginning of the experiment. 10 r.u. of follicle-stimulating 
extract alone proved to be the optimum dose ; addition of chorionic gonadotrophin 
was of little value. The greatest number of implantations obtained was thirty-four, 
the average being little more than half this figure; the corresponding figure for the 
normal colony was ten. The average number of young in litters from treated mothers 
allowed to go to term was, however, subnormal. These results agree substantially 
with those obtained by Cole, and Evans & Simpson conclude: ‘As the present study 
will demonstrate, superovulation, that is, the liberation of an increased number of 
ova, may be followed by the implantation of many of such ova without increase in 
the average number of young born. Indeed, one may have few or no young born in 
such cases. The birth of few or no young in pregnancies which are inaugurated with 
an abnormally high number of successfully implanted and apparently wholly normal 
embryos is almost surely attributable to defects in uterine function.’ 

The rabbit offers special facilities for this kind of experiment owing to the fact that 
ovulation is not spontaneous, and a number of cases of superovulation caused by 
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administration of gonadotrophic extracts have been recorded incidentally in this 
species. Pincus [1940] has recently published an account of specific observations. He 
used prepubertal or pubertal rabbits and investigated the effects of several different 
preparations of mare’s serum, a Fevold follicle-stimulating extract of sheep pituitary, 
and two horse pituitary extracts. His technique was to give a series of six injections 
subcutaneously over 3 days to stimulate follicular growth and then an intravenous 
dose to produce ovulation. He summarizes his results as foUowa: ‘The data indicate 
that all the gonadotropic preparations will ovulate prepubertal or pubertal rabbits 
when properly administered, but that mare’s serum preparation will induce super- 
ovulation only occasionally and then never to. the extent of the pituitary extracts; 
the latter usually causes superovulation in the recipients. The pituitary extracts 
employed induced, on the average, ovulation of three to more than four times the 
normal number of ova to be expected from animals of this size. Up to eighty eggs have 
been obtained from single individuals. The difference between the mare’s serum pre- 
parations and the pituitary preparations appears to be in the tendency of the former 
to produce cystic unovulable follicles. Superovulated ova are fertilizable, and mating 
does not seem to affect the number of eggs produced. Copulation alone cannot 
substitute for an ovulating injection in young rabbits given a series of priming doses.’ 
Whether all these conclusions would apply to fully mature rabbits is not clear, but 
as emerges below, that relating to the non -effect of mating does not do so. Pincus 
obtained up to thirty -six normal embryos in his superovulated rabbits. 

SIATEKIAL AlO) TECHNIQTJE 

Rabbits 

Most of the rabbits used were drawn from the stocks maintained at the Institute’s 
Field Laboratories. Four distinct breeds were available from this source — Himalayan, 
Dutch, Copenhagen Albinos and Lop. The first two of these are small breeds, and 
mature early at a body weight of about 1 kg. [Emmens, 1939], and were therefore 
unsuitable for work on stimulation of immature rabbits. The Albinos attain a 
weight of about 2 kg. and the Lop of about 3 kg. before first coming into oestrus. In 
addition, a number of rabbits, mostly Cross -breds, were obtained from dealers, and 
were isolated for several weeks before use. All animals were kept singly in separate 
cages, under which conditions spontaneous ovulation rarely occurs. Even allowing 
for the variety of breeds used, the material is not as homogeneous as could be wished, 
since during the later stages of the work the problem of feeding laboratory animals 
was becoming acute, and the rabbits were on little more than a maintenance diet. 

Extracts 

In producing the orderly sequence of events necessary to initiate or augment fer- 
tility, the two phases of the ovarian cycle, (a) follicular maturation, and (6) ovulation 
and luteinization, must be clearly distinguished. Whether the purpose be to initiate 
fertility in the immature animal or to augment it in adults, the first requirement is 
to stimulate growth of ovarian follicles. For this purpose extracts ha\dng a predom- 
inantly follicle-stimulating, rather than a luteinizing, activity are required. Of the 
various conadotrnr»bif> nrAnoTofirknc* «4. 4.1... .. . • » 
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alnrtccl, two hnd this necessary clinrncteristlc—extracfs of (a) pregnant marc’s scrum, 
and {!)) horse pituitary gland [Rowlands & Williams, 1941]. The pituitary extract was 
selected for a variety of reasons: (a) at the time the experiments were started a large 
stock of well-tested extract was available in the laboratory, [h) it seems less violent 
in its effccLs on the rabbit ovary than serum extracts, and (c) Professor Pincus had 
found similar extracts i)rcj)nrcd at the National Institute for Medical Research to be 
very cfTective. A disadvantage in using the pituitarj'- extract was the absence of any 
International Standard suitable for its standardization. TJie two extracts used 
(AP (HR and AP118R) were about equally active. A doso/responsc cun^e for the 
effect of APGIB on the ovary of the immature rat has been given by Rowlands & 
Williams [1941]. Five daily doses of 0-5 mg. increased ovarian size to 60 mg., six 
times the control size. These pituitary extracts were administered by a series of 
subcutaneous injections for the purpose of stimulating the follicles (‘priming’). 

To initiate the second phase of the cycle, ovulation and the development of the 
corpus luteum, a single intravenous injection was given. In a few early e.xperiments 
AP61 B was also used for this purpose, but otherwise two gonadotrophic extracts of 
urine of pregnancy (UP 10 and PUlJ) were used. These both had an activity similar 
to that of the International Standard, 10 i.u./mg., and dosage is indicated throughout 
the paper in i.u. 

OBSERVATIONS 

Most of the animals were killed in order to make the desired observations on the 
ovaries and uterus. Where a series of observations was required, however, laparo- 
tomies were performed ivith aseptic technique under anaesthesia. Records were kept 
of the general ajipearance of the ovaries and uterus, and of the number of (a) mature 
follicles, (6) cystic follicles, (c) blood follicles, (d) ovulation points, (e) corpora lutea, 
(/) normal embryos, and (ff) atrophic embryos. 

Slhmtlaiion of folIicitJar devdopment'in adult rabbits ('priming') 

In the course of the work many observations were made on the state of the ovaries 
of adult rabbits after a series of five daily injections of the horse pituitary extracts. 

In an initial experiment an albino doe was given five daily doses of 1 mg. of AP 61 B. 
At the start of injection the ovaries contained a total of six mature follicles ; at the 
end thirteen were present. Several observations were then made, after a similar 
length of treatment, on animals which were meant for superfecundation experiments, 
but which failed to mate after priming. Six of these, three Dutch and three Cross- 
bred, received 6x1 mg. of AP 1 18B. All possessed good mature follicles at the end of 
treatment, but only one, which had thirty-eight follicles, was strongly stimulated. 
Six rabbits, four Dutch and two Lops, were given 5x6 mg. The Dutch responded 
badly. One showed numerous normal mature follicles at the end of treatment, and 
another had a few mature follicles only ; the remaining two had a large number of 
cystic and haemorrhagic follicles — clear evidence of over-stimulation. The two Lops 
responded better, one having a very large number of apparently normal matTire 

follicles. ^ . , . o 

Optimum duration of treatmen t 

Experiments were carried out on the optimum duration of the priming process. 
The first point investigated was whether ten daily injections were more effective than 
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five. The results (Table 1) showed conclusively that the longer treatment led not 
merely to no increase, but actually to a decrease in ovarian stimulation. This decrease 
was evident not merely by the lack of or decrease in number of mature follicles at 
10 days as compared with 5 days, but also by the general condition of the ovaries 
which in all except QT93, receiving 10 x 6 mg., were anaemic and inactive looking. 

Table 1. Relative effectiveness of Jive and ten daily injections of horse 
pituitary extract for priming adult females (Albino rabbits) 



Daily 

doso 

mg. 


Number of mature follicles 

JNO. OI 

rabbit 

Initial After 6 days 

After 10 days 

QT87 

1 

0 

11 

0 

QT88 

1 

6 

17 

0 

QT84 

1 

— 

— 

0 

QT93 

2 

10 

35 

27 

QT94 

5 

8 

41 

10 


This result was highly reminiscent of the insensitivity known to follow prolonged 
treatment with gonadotrophic extracts of heterologous origin. This insensitivity is 
known to be due to the production of anti -substances by the chronically injected 
animal, and it therefore seemed surprising that such an effect could appear in 10 days. 
However, Hamburger [1938] has shown that injection of mare’s serum extracts evokes 
the formation of anti-substances very rapidly in the rabbit, and it seemed possible 
that horse pituitary extracts might cause a similar rapid response. An experiment was 
therefore designed to see whether the insensitivity beginning to appear after ten 
daily injections could be overcome by drastic increase of dosage. Details are given 
in Table 2. Owing to the rapid succession of laparotomies involved, only one ovary 


Table 2. Onset of insensitivity to horse pituitary extract 



Daily 


State of ovaries at end of period 

Days of 

dosage 

Ovary 





injection 

mg. 

examined 

QT89 

QT90 

1-10 

2 

Bight 

Some medium 

Large number of cystic fol- 




follicles. None 

licles and blood follicles. 




mature 

Some medium follicles 

11-15 

4 

Left 

3 medium follicles 

Ovary smaller. Some small 




and a few small 

blood follicles. 4 medium 
follicles 

16-22 

8 

Right 

1 medium follicle 

Ovary smalL One medium 




only. No cor- 

follicle. Several small 




pora lutea or 

blood follicles, obviously 




blood follicles 

remains of blood follicles 
and cystic follicles seen 
on 10th day 

22-27 

16 

Both 

Ovaries small and 

Both ovaries small, 3—4 




immature-look- 

medium follicles in each 




ing. No large or 
medium follicles 



was examined at a time (prior to kilhng) and no initial examination was made. The 
results show conclusively that even a geometric rise in dosage every few days fails 
to overcome the insensitivity, the increase in which apparently keeps pace with the 
rising dosage. It is evident that no further effect is produced with horse pituitary 
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cxirnct after the tentli day, and thnt even greatly increased dosage does not prevent 
the ovary of l lic continuously injected animal from sinking into a quiescent condition. 

Two further experimenks were ijorformcd with a view to obtaining quantitative 
information. In the first cxjiorimcnt, eight rabbits were given 2 mg. of AP118B 
daily. Two of the animals were killed after 5 days, two after 10 days, two after 15 
dn3's, and two after 20 days. The ovaric.s were weighed after being fixed. The largest 
ovaries were obtained after 10 days’ injection ; the ovaries were smaller after 20 days’ 
injection than after 5 daj's’. The number of ripe follicles was also greatest after 1 0 days’ 
injection. In the second experiment a similar series of rabbits was injected, the 
dosage, which started at 2 mg. dail^', being doubled each 5 days. The weight of the 
ovaries was greatest after the second fi-daj' period, during which the dosage had been 
4 mg. dail 3 \ At the end of 20 da^’s, during the last 5 of ivliich the daily dosage had 
'been IG mg., the ovaries had reverted to the control size. The number of ripe follicles 
was again greatest after 1 0 dn 3 's of treatment. In these two experiments there were 
large numbers of C3'stic and haemorrhagic follicles after ten daily injections. To 
produce a largo crop of normal follicles preliminary to supcrovulation, therefore, 
there is nothing to be gained by prolonging the injections of horse pituitary extract 
beyond 5 days. 

A comparison was then made as to whether a 3-da3' period of priming coidd be 
made as effective ns the 5-da3" period. The details are given in Table 3, which shows 


Table 3. Jicla/ivc effcdivcticss of three and five daily doses of horse 
‘pituitary extract for priming adult females 




Dailj’’ 

Number of mature follicles present 

No. of 


doso 

r' 

A 


rabbit 

Brood 

mg. 

Initial 

After 3 days 

After 5 days 

QT289 

Lop 

hO 

3 

6 

11 

QT290 

Lop 

10 

3 

6 

7 

QT291 

Lop 

1*0 

0 

9 

9 

QT284 

Lop 

2-0 

4 

9 

17 

QT285 

Albino 

2-0 

7 

7 

12 

QT28C 

Lop 

20 

6 

16 

31 

QT287 

Lop 

2*0 

5 

12 

17 

QT279 

Lop 

6*0 

6 

9 

JI 

QT280 

Lop 

50 

3 

7 

21 

QT28I 

Lop 

5-0 

0 

13 

9 

QT282 

Albino 

60 

6 

3 

8 

QT283 

Lop 

60 

1 

14 

12 


that 1 or 2 mg. daily produced a better crop of ripe follicles after 5 days than after 
3 days, and that 5 mg. daily gave a less favourable result than did 2 mg. daily. The 
fewer number of normal mature follicles produced by the Inglier dosage was correlated 
with the presence in the ovaries of large numbers of cystic and haemorrhagic folhcles, 
and it was evident that 6 mg. daily led to gross over-stimulation of the ovary and 
was too high a dosage for priming. With 2 mg. daily only a few cystic and blood 
follicles were found after 6 days. With 1 mg. daily these abnormal structures were 
rare. It may be concluded, therefore, from the whole of the work dealing with the 
duration of the priming process, that 5 days of treatment with horse pituitary extract 
is optimal, the best dosage being 2 mg. daily for Lop and Albino rabbits, and 1 mg. for 
Dutch or Himalayan rabbits. 
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Induction of ovulation by mating of the primed female 

In considering the question of inducing superovulation from the primed ovary, the 
first question arising is v’hether the ovulation^producing act of mating is sufficient to 
cause ovulation in a greater than normal number of follicles, i.e. whether it causes the 
liberation from the anterior pitmtary body of amounts of ovulation-producing sub- 
stance adequate to produce superovulation. The work of Brambell & Parkes [1932] 
and of TTih [1934] shows that the amoxint produced in the normal mated rabbit is 
greatly in excess of that required to cause ovulation of the normal number of follicles, 
and might well, therefore, be adequate to cause ovulation of a supernormal number. 
In practice excellent results (Table 4) were obtained with rabbits. Lop, Dutch and 

Table 4. Induction of ovulation by mating of primed females 


Dafly 

priming dose 
mg. 


No. of rabbits 


Total 

follicles 

ovulating 

Primed 

Mating 

Ovulating 

1 

11 

4 

3 

27 

2 

10 

9 

8 

187 

6 

11 

5 

1 

26 


Cross-bred, primed by five daily injections of 2 mg. of AP 61B or AP 118B. Nine out 
of ten animals mated and eight of them ovulated, the average number of ruptured 
follicles being twenty-four. Of eleven rabbits primed with five daily doses of 1 mg. 
only four accepted the buck. This low percentage may perhaps be attributed to the 
fact that these particular experiments were carried out in autumn when even labora- 
tory rabbits are less reproductively active, and when the priming dose may, therefore, 
be higher. This explanation is supported by the fact that 2 mg. daily usually seems to 
be an excessive priming dose for Dutch rabbits, whereas in this set of experiments it 
caused, as mentioned above, a very favourable response in the ovary. The 5 mg. 
priming dose, however, caused, as usual, gross over-stimulation of the ovaries, and 
the resulting large crop of cystic and haemorrhagic follicles was associated with a 
very low percentage of mating, and ovulation in only one of the five which took the 
buck. 

Induction of ovulation by intravenoiLs injection into the primed female 

The next stage of the investigation concerned the necessary or optimum dose of 
chorionic gonadotrophin for causing superovulation from the prepared ovary. Dutch 
and Cross-bred rabbits were used, primed with five daily doses of up to 5 mg. of horse 
pituitary extract. Results are shown in Table 5, and the following conclusions mav be 
drawn. 

(а) In unprimed Dutch rabbits a dose of 10 i.u. of chorionic gonadotrophin was 
required to cause ovulation of the full number of follicles. Five units produced ovula- 
tion of only about one-half the number, while increasing the dose above 10 units 
did not result in the ovulation of a supernormal number of follicles. 

(б) Where an efiective priming was carried out (5 x 1*0 mg. of pituitary extract) 
a dose of 5 units of chorionic gonadotrophin caused ovulation in many more follicles 
than in the unprimed rabbit. Ten muts gave the maximum response obtained and 
further increase in dose did not increase the effect. 
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Table 6. iTiductxon of ovulation in ^primed females by intravenous 
injedion of chorionic gonadotrophin 


Brood 

Dutch 


Cross 


Daily 

priming 

doflo 

Done of 
chorionio 
gonadotrophin 
i.u. 

No. of 

Number 

No. of follicles 

— A 

mg. 

robbits 

ovulating 

r 

Total 

Average 

Not primed 

5 

4 

4 

13 

3*25 


10 

5 

5 

33 

0*0 


20 

4 

4 

29 

7-25 


50 

5 

5 

34 

C-8 

1*0 

5 

5 

5 

75 

15*0 


10 

4 

4 

87 

21-76 


20 

5 

5 

104 

20-8 


50 

4 

4 

81 

20*26 

20 

5 

5 

2 

24 

4*8 


10 

4 

3 

60 

16*0 


20 

4 

3 

40 

10*0 

2*0 

10 

4 

4 

87 

21*76 


20 

4 

4 

132 

33*0 

50 

20 

2 

2 

53 

26*6 


10 

5 

1 

1 



20 

5 

3 

4 




50 

5 

0 

0 




(c) In Dutch rabbits priming with 6x2*0 mg. led to a marked decrease in the 
number of ovulations obtainable. This decrease was associated with the appearance 
of masses of haemorrhagic and cystic follicles in the ovaries of several of the 
animals. 

(d) With the Cross-bred rabbits 6x2*0 mg. of AP118B was a very favourable 
priming dose, and it seemed that more than 10 units of chorionic gonadotrophin 
were required to obtain the maximum ovulation from the large number of mature 
follicles produced. 

(e) Where the priming dose to the Cross-breds was raised to 5*0 mg. very few ovula- 
tions were obtained. The ovaries were grossly over-stimulated and consisted mainly 
of cystic and haemorrhagic follicles. 

As a general conclusion from this series of experiments, it may be said that optimum 
priming was achieved by five daily injections of 1 mg. of AP118B (Dutch rabbits), 
of 2 mg. of AP118B (Cross-breds), and that maximum ovulation was brought about 
by the intravenous injection of a single dose of 20 units of chorionic gonadotrophin. 


Induction of ovulation by mating and intravenous injection 

A few records were obtained from rabbits which were both mated and injected 
intravenously with chorionic gonadotrophin at the end of the priming period and 
examined soon afterwards. Two large ovulations (46 and 47 ruptured follicles) were 
obtained in this series, but otherwise there was nothing to suggest that the dual 
stimulation resulted in any outstanding response. The results of the superfecundation 
experiments described in the next section, however, make it likely that a lower dose 
of chorionic gonadotrophin is required when mating takes place. 
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Induction of siiperfecundation in grimed rabbits 
It has already been reported by Padootcheva, Vunder & Zawadowsky [1935] and 
showTi conclusively by Pincus that the eggs produced as the result of artificial stimu- 
lation of the ovary are perfectly normal as regards their maturation changes and their 
susceptibility to fertilization and development. Confirmatory results were obtained 
in an experiment carried out for a different purpose in which up to fifty -four normally 
segmenting eggs were recovered from the fallopian tubes of rabbits receiving five daily 
doses of 2 mg. of AP118B and 50 units of chorionic gonadotrophin intravenously 
before artificial insemination. Experiments dealing with the subsequent history of 
such large numbers of fertilized eggs are recorded in Table 6, which shows the 

Table 6. Superfecundity in rabbits primed urith horse pituitary extract^ 
mated, and injected intravenously with chorionic gonadotrophin 

Time killed 
or laparO' 

Daily Dosa tomized 

priming of after No, of 

No. of dose c-g. mating implant- 


rabbit 

Breed 

mg. 

(i.u.) 

days 

ations 

Notes 

QT83 

Albino 

1 

None 

8 

24 

— 

QT85 

Lop 

1 

None 

17 

2 

Preparatory treatment continued 
for 10 days 

QT104 

Himalayan 

1 

10 

8 

34 

— 

QT109 

Lop 

1 

10 

16 

10 

7 embryos being reabsorbed 

QTllO 

Lop 

1 

10 

8 

5 

Only about 12 corpora lutea 

QT143 

Cross 

1 

10 

11 

21 

Several abnormal embryos 

QT145 

Cross 

1 

10 

11 

16 

— 

QT146 

Cros^ 

1 

10 

11 

13 

— 

QT148 

Cross 

1 

10 

11 

22 

— 

QT149 

Cross 

1 

10 

11 

9 

— 

QT86 

Lop 

2 

None 

8 

16 

— 

QT108 

Dutch 

2 

6 

9 

22 

21-24 corpora lutea 

QT107 

Himalayan 

2 

5 

16 

20 

All being reabsorbed 

QT221 

Cross 

2 

10 

8 

33 

— 

QT95 

Albino 

2 

10 

9 

12 

Very large no. of corpora lutea 

QT97 

Lop 

2 

10 

9 

38 

Very large no. of corpora lutea 

QT98 

Lop 

2 

10 

9 

16 

— 

QT105 

Dutch 

2 

10 

9 

16 

About 23 corpora lutea 

QT106 

Himalayan 

2 

10 

12 

12 

Several embryos being reabsorbed 

QT96 

Albino 

5 

10 

9 

21 

Very large no. of corpora lutea 


number of implantations found at various days after mating in primed rabbits. All 
the rabbits except three received an intravenous injection in addition to mating. 
Albino, Lop, Himalayan, Dutch and Cross-bred rabbits are included. No adequate 
data are available for the normal size of litter in these different breeds, but the usual 
litter size in the Dutch and Himalayan may be considered as being four to six, and 
in the Albino and Lop as six to nine. It will be seen from Table 6 that where mating 
alone was relied upon to cause ovulation, implantations of sixteen and twenty-four 
embryos were found at 8 days. The other animal in this group, QT 85, is not strictly 
comparable, since the preparatory treatment was continued for 10 days, when, as 
shown above, the priming effect is beginning to wear off, while observation was not 
made until 17 days after mating, when, as shown below, the number of implantations 
is decreasing. Most of the rabbits receiving an intravenous injection at the time of 
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mating implanted a quite abnormal number of embryos, thirty-eight being the largest 
number recorded. In several of these rabbits very numerous corpora lutea were 
present, and it is impossible to give any accurate figure for the difference between 
the number of corjiora lutea and the number of embryos. Tlie difficulty of giving a 
figure for the number of eggs which failed to get fertilized, or which were reabsorbed 
earlier than S days, is increased by the fact that many of the corpora lutea may have 
been derived from follicles which luteinized without ovulation. Observations on the 
subsequent histoiy of the embryos at the end of the first third of pregnane}^ are 
entirely in accordance with the report by Evans & Simpson [1940] that the number 
of living 3 ^oung produced bj^ supcrfccundatcd rats is not merely not supernormal but 
is actually subnormal. Thus, the twenty embryos found in QT 107 on the 16th day of 
pregnanej'' were ail undergoing rcabsorption, as were most of those found at a similar 
stage in QTlOO. QT143 and QTi45-J49 were laparotomized on the 11th day of 
pregnane}'', and the numbers of implantations recorded in Table G are those observed 
at that stage. These five animals were allowed to go to term. QT143 and QT145 
failed to produce litters, while QT I4G produced five, QT148 three, and QT149 two 
living j'^oung. In view of the control results obtained by Parkes, Dodds & Noble 
[1938] in a similar kind of experiment, it is unlikely that the laparotomy had any 
influence in causing this holocaust of embrj'^os, and it is most probably ascribable to 
abnormal conditions arising in ntero from the implantation of su])ernormaI numbers. 
In this connexion it ma}" be recalled that Brambell [1942] has brought forward evidence 
showing that in wild rabbits the number of embryos which disappear entirely in the 
course of pregnancy is probably much greater than has hitherto been supposed. 

The reasons why the uterus is unable to support the growth of supernormal num- 
bers of embryos is not clear, but in view of the stage of pregiiancj'^ at wliich regression 
seems to have taken place iii the experiments reported above, it is unlikely to be 
primaril}'^ of mechanical or metabolic origin. Purtlier experimentation is clearly 
needed to determine wJiether abnormal!}^ large supplies of tJie liormones associated 
with pregnancy are required to support a superpregnancy, and, if so, whether the 
abnormally large number of corpora lutea present failed to produce abnormally large 
amounts of progesterone. 

Induciioyi of ovnlation and pregnancy in immature rabbits 

Three questions additional to those discussed above arise in connexion with any 
attempt to induce pregnancy in immature rabbits: (a) At what stage do the small 
follicles of the ovary become capable of responding to gonadotrophic stimulation by 
normal devclo])meut? (6) If mating occurs when the follicles have been stimulated, 
will tl\e pituitary body of the immature animal respond in the normal way by liber- 
ating ovulation-producing substance? (c) Will the pituitary body of the immature 
animal be capable of supporting the development of a functional corpus luteum after 
artificially or naturally induced ovulation, or will the continued administration of 
luteinizing liormone be necessary? 

For the experiments described below Lop rabbits were selected, since their long 
period of immaturity provided more scope than would have been the case with Dutch 
or Himalayan. They were used at a body weight of M-2*2 kg., the usual weight of 
rabbits of this breed at tlie first ap])earaiice of oestrus being about 3 kg. All the 
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Table 7. Induction of omlation in immature Lop rabbits primed with 
horse pituitary extract and then injected intravenously 

Time 

killed Extract given 
Body after i.v. intravenously 



vreigbt 

mjccUon 

/ ^ 

\ 

CJondition of ovaries 

Notes 

Number 

g- 

days 

No. 

Dose 

QT^O 

1300 

1 

AP25B 

2 mg. 

7 ovulation points 


QT68 

1900 

1 

AP61B 

2 mg. 

6 ovulation points 


QT69 

2100 

1 

AP61B 

2 mg. 

22 ovulation points 


QT67 

Before 

puberty 

3 

AP61B 

2 mg. 

11 young corpora lutea in 
left ovary 

Right ovary removed 
before i.v. injection 

QT76 

1600 

5 

UP 10 

10 i.u. 

Some solid corpora lutea (?) 
from normal ovulations, 
also blood follicles and 
cystic follicles 

Would not mate 

QT133 

1500 

10 

UP 10 

10 i.u. 

Many corpora lutea, but 
seem small and pale for 
the stage 

TJterus large 

QT134 

1600 

10 

TJPIO 

10 i.u. 

Ovaries large. Many normal 
corpora lutea 

Uterus large 

QT135 

1600 

10 

UPIO 

10 i.u. 

Ovaries small. No. of small 
whit© bodies, possibly 
atrophic corpora lutea 

Uterus small 

QT136 

1600 

10 

TJPIO 

10 i.u. 

Ovaries small, but fairly 
normal corpora lutea 


QT132 

1700 

10 

TJPIO 

10 i.u. 

Large number of normal 
corpora lutea- Ovaries 

Uterus large 


large 

animals were primed by five daily injections of 1 mg. of AP61B. In the first series 
of experiments intravenous injection was used to induce ovulation, and the rabbits 
were lolled up to 10 days afterwards so that the development of the corpus luteum 
could be studied. The results show that even down to 1-3 kg. body weight follicular 
maturation and ovulation resulted from the treatment. Of the five rabbits left for 
10 days after ovulation, however, only three had normal corpora lutea. In the 
remaining two, small pale bodies were found which were very similar to those described 
by Rowlands [1937] in rabbits injected after ovulation with anti-gona'dotrophic 
serum, and which were almost certainly the remains of corpora lutea failing to develop 
owing to lack of endogenous luteinizing hormone. 

In the next series of experiments, the priming process was followed by attempted 
mating without an ovulation-producing injection. Results are given in Table 8. It 
will be seen that aU the rabbits down to 1*6 kg. body weight accepted the buck after 
priming. The two (QT72 and 78) which failed to mate were only 1*1 and 1-0 kg., and 
examination of the ovaries showed that there had been no morphological response 
to the priming process. The ovaries of QT78 weighed only 21 mg., but the uterus 
was much larger than usual in the immature Lop, very red, and obviously stimulated, 
so that there must have been some stimulation of the endocrinological function of 
the ovaries. Of those that mated, nine were examined after 5 days or less; all except 
one of those over 1-9 kg. ovulated, while two of 1-6 and 1-8 kg. failed to do so. Six 
were examined 9 or 10 days after mating; two showed no trace of having ovulated, 
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Table 8. hidnclion of ovuhlion and pregnancy by mating of immature 
rabbits prmed with horse pituitary extract 


Time 

]dlIod 



Body 

weiglit 

nftor 

ranting 



Numbor 

g* 

clayfl 

Result 

Notes 

QT78 

1000 

— 

No obvious signs of stimulation in the ovaries 

Killed day ofter lost injection 

QT72 

1100 


Ovaries very email. No growing follicles 

Would not mate. I^illod day 
after last injection 

QT73 

1000 

1 

No ovulation. Some largo folUcIos ond blood 
follicles 

QT71 

2200 

I 

3 ovulation points. Sovornl cystic foUiclos 


QT77 

2100 

o 

No ov'ulation. Largo numbers of nearly ripe 
follicles 

i.v. injection of AP61B on 
the day after mating also 
failed to cause ovulation 

QT80 

1800 

4 

No ovulation 

Ovary oxaminod on doy of 
mating. Large numbor 
of largo follicles. Ovary 
much regressed by time 
of killing 

QT137 

1900 

5 

27 normal young corpora lutea 

QT138 

2000 

G 

3 normal young corpora lutea 


QT140 

2000 

G 

Largo number of woll-dovolopod young 
corpora luton, obout 40 in oil 


QT142 

2000 

G 

Largo numbor of woU-dovoloped young 
corpora lutea 


QT14I 

2100 

G 

18 yoiuig corpora lutea. Several largo 
cystic follicles 


QT139 

2200 

G 

10 normal young corpora lutea 


QT81 

1000 

9 

Good corpora lutea in ovaries 3 days after 
mating, 15 atrophic corpora lutea in 
killing 


QT130 

1600 

10 

Largo ovaries with good corpora lutea 

Pregnant. 20 embryos 

QT127 

1600 

10 

No good corpora lutea, but wliite patches 
which may be atropliic corpora lutea 


QT129 

1600 

10 

Ovaries small. No corpora lutea. Doubtful 
if ovulated 


QT131 

IGOO 

10 

Large ovaries with good corpora lutea 

Pregnant. 21 embryos 

QT128 

1800 

10 

Ovaries small. No corpora lutea. Doubtful 
if ovulated 


and two 

had prematurely atrophic corpora lutea. Of these two, one was known from 


laparotomy to have had normal corpora lutea 3 days after mating. The two remaining 
rabbits had a large number of good corpora lutea, and had a supernormal number of 
embryos implanted. The correlation of these results with body weight was not good, 
since one of the rabbits that became pregnant was the smallest of the six, while one 
of those that failed even to ovulate was the second largest. 

The only generalization that can be made from these experiments is that with the 
strain of Lop rabbits used premature ovulation and pregnancy can readily be induced 
by the time a body weight of 2-0 kg. is reached. At the other extreme, th? follicular 
system is insensitive to gonadotrophic stimulation at a body weight of hO-1-1 kg. 
In between these body %veights two different conditions are found ; the follicles can 
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respond to priming but ovulation does not follow mating, or ovulation can take place 
but the corpora lutea do not develop. In other words, the chain of stimulation neces- 
sary to produce fertility in the immature rabbit can and does break at any of its 
links, but there is only a general correlation between the body weight of the animal 
and the stage at which breakdown occurs. 

STTMilABY 

1. Horse pituitary extract was used to increase the number of mature follicles in 
the ovaries of adult Albino, Lop, Dutch, Himalayan and Cross-bred rabbits. 

2. The optimum duration of the priming process was found to be 5 days. Further 
injections evoked insensitivity to the extract which could not be overcome by a 
drastic increase of dosage. 

3. The optimum daily dose of extract for priming was less in the small Dutch and 
Himalayan rabbits than in the other breeds. 

4. Mating of the primed female caused ovulation of a number of follicles much in 
excess of the normal, 

5. Maximal ovulation from the primed ovary could be obtained in any of the 
breeds without mating by the intravenous injection of 20 i.u. of chorionic gonado- 
trophin. 

6. Superfecundation, as shown by the presence of large numbers of embryos at 
the end of the IBrst third of pregnancy, was produced in many of the primed and mated 
rabbits, most of which also received an intravenous chorionic gonadotrophin injection 
to assist ovulation. 

7. SuperfecTindated rabbits failed to produce an excessive number of young at 
term. 
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CYCLICAL CHANGES IN THE SKIN OF THE MOUSE 
DURING THE OESTROUS CYCLE 


By HELENA E. BULLOUGH, From the Department of Zoology, University of Leeds 

{Deceived 5 June 1912) 

Studies by il)e author [Gibbs, J038, 1941] IinTe shown a correlation between the 
growth jilmscs of the developing skin and Imir follicles and those of the developing 
mouse ovnr3\ The decrease in thickness of the epidermis, which takes place from the 
fourth to the thirteenth day, is followed a phase of increase in thickness. This 
coincides with the first appearance of the follicular fluid in the ovar^^ at the twelfth 
or thirteenth day which is followed by a period of rapid ovarian growtii [Engle, 1931]. 
This fact suggested the possibility of a persistence of the relationship betAveen varia- 
tions in the thickness of the skin and the normal ovarian c^^cle. Such changes in the 
thickness arc probably due to a variation in the mitotic activity of the epidermis, and 
it was considered possible that they might also be correlated Avith the cyclic mitotic 
activit}^ of the ovary of the mouse Avliich has recently been studied [Bullough & 
Gibbs, 1941 ; Bullough, 1942 a, b], 

MATERIAL AND METHODS 

The forty female mice used Avere identical with those used by Bullough [1942 a, 6] in 
his study of the mitotic acthdty of the ovary, SeA’^eral strains of mice were used, some 
of which had been previously mated. From birth they were kept at a constant tem- 
perature, exposed to 12 hr. of light daily, and fed on a standard diet. Vaginal smears 
Avere taken from each animal tAvice daily, and oi^ly tliose animals AAdiicli had regular 
oestrous cycles Avere selected. The smears AA^ere stained in Ehrlicli’s liaematoxylin 
and Pasini’s stain Avhich enabled the folloAving stages of tlie oestrous cycle to be 
distinguished, 

(1) Pro-oestrus: only blue-staining nucleated epithelial cells present. 

(2) Oestrus: (a) pre-ovulation, cells cornified Avitli cytoplasm stained in vaiying 

degrees of red ; 

(6) early post-ovulation, cornified cells in clumps and stained red; 

(c) late post-ovulation, cornified cells largely degenerated and 
stained pale pink. 

(3) Metoestrus: dark blue stained leucocytes scattered among pale pink cornified 

cells. 

(4) Dioestrus: (a) first day, blue stained nucleated epithelial cells appear, leuco- 

cytes still most numerous, and traces of pale pink cornified 
cells persisting; 

(b) second and third days, only blue staining nucleated epithelial 
cells and leucocytes remaining. 
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The colchicine technique, as described by Allen [1937], was used to estimate the 
mitotic activity of the epidermis. Each animal was given a subcutaneous injection 
of 0-1 mg. of colchicine in 0*25 mi. of water 9i hr. before death, so that all dividing 
cells were arrested in the metaphase during this final period. The mice were killed 
with chloroform, and the body cavity, thorax, and throat were opened. Each animal 
was dipped into 70 % alcohol as a whetting agent before being fixed for 2 days in 
Bouin’s fluid. Small pieces of skin w^ere then removed from the anterior and posterior 
dorsal regions, respectively midway between the bases of the fore and hind limbs. 
Each piece was trimmed into a rectangle along the line of the hair follicles, and after 
dehydration was immersed for 8 hr. in 58^ C. m.p. wax, before being embedded in 
52° C. m.p. wax. Sections were cut to a thickness of 7 /x. They were stained in Ehrlich’s 
haematoxylin, and counter-stained in eosin and saffron. 

Counts were made of the mitoses in the epidermis, lengths of 3 mm. being examined 
in twenty sections of skin from both the anterior and posterior dorsal regions of each 
animal. The arithmetic mean was calculated for each stage of the oestrous cycle in 
the two areas, and the standard deviation from the mean was found using the 
formula for small samples given by Simpson & Roe [1939]. 

The thickness of the epidermis and dermis was measured for both regions, and the 
average and standard deviation for each stage of the cycle was estimated. 

In addition, sections of the ovary and uterus of identical animals, as used by 
BuUough [1942 a, b], were compared with sections of the skin, and their comparative 
mitotic activities assessed. 

OBSERVATIONS 

The structure of the epidermis and dermis of the mature female mouse is similar to 
that of young mice as already described [Gibbs, 1941]. 


The mitotic activity of the ejpidermie 

The average number of mitoses per unit length in the anterior and posterior dorsal 
regions of the epidermis varied considerably throughout the oestrous cycle (see 
Table 1 and Fig. 1), and at every stage the anterior dorsal region showed the greater 
activity. In both regions the peak of activity occurred during pro-oestrus after which 
there was a slight decrease during pre-ovulation oestrus, followed by a sudden drop 
after ovulation. A slight rise in metoestrus preceded a period of very low activity 

Table 1. Average numbers of mitoses in the epidermis throughout the oestrous cycle 


Stage of oestrous cycle 

Pro -oestrus 
Oestrus: 

Pre-ovulation 
Post-ovulation, early 
Post- ovulation, late 
Metoestrus 
Dioestrus: 

First day 
Second day 
Third day 

* a =5 arithmetic mean. 


Anterior dorsal 

Posterior dorsal 

a* 

± 

tj 

a 

+ 

o 

548 


169 

240 

± 

174 

503 

+ 

91 

210 

+ 

76 

293 


140 

173 

± 

105 

129 

± 

73 

35 


8 

152 


49 

109 

± 

26 

89 

± 

111 

50 

± 

53 

223 

± 

150 

98 

± 

82 

238 

± 

50 

84 

± 

57 


c=8tandard deviations5^[/d*/(n— 1 )]. 
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during the first day of diocstrus after whicli mitosis gradually increased throughout 
the second and third days of diocstrus to bo followed once more by the sudden rise 
in pro-oestrus. 



Fio, 1. Mitotic activity (above) and thickness (below) of the epidennis 
in relation to the oostrous cycle in the mouse. 

The thickness of the skin 

The epidermis. The average thickness of the epidermis in tlie anterior and posterior 
dorsal regions plotted against the stage of the oestrous cycle (Table 2 and Fig. 1) 
showed a distinct variation throughout the cycle. During pro-oestrus the epidermis 
gradually increased from one or two to four cell layers, and in late pro-oestrus 
indications of keratinization of the stratum corneum appeared. The highest point of 




Table 2. ^t-era^c thickness of the skin {ft) throughout the ocstrous cyde 


Stage of oestrous cycle Thickness of epidermis Thickness of dermis 



n* 

a* 


o* 

a 

4 

o 

(a) Anterior dorsal shin 

Pro-oestnis 

150 

lO'T 

± 

3-3 

459-3 

A 

4 

93-5 

Oestrus: 

Pre -ovulation 

200 

21*2 

4. 

4-6 

341-3 

4 

89-6 

Post-ovulation, early 

200 

21-3 

± 

4-8 

456-7 

4 

139-5 

Post-ovulation, late 

200 

18-9 

± 

4-1 

529-7 

± 

119-5 

Jletoestrus 

200 

16-S 

± 

4-5 

438-4 

4 

106-6 

Dioestrus: 

First day 

200 

U-4 

+ 

4-2 

349-5 

4 

91-4 

Second day 

160 

16-7 


4-2 

389-7 

4 

5S-3 

Third day 

200 

15*6 


3-1 

269-3 

4 

85-3 

(6) Posterior dorsal shin 

Pro -oestrus 

150 

14*7 

4; 

2-7 

347-0 

4 

65-5 

Oestrus: 

Pre-ovulation 

200 

18-7 

+ 

3-9 

391-3 

± 

204-0 

Post-ox-ulation, early 

200 

16*6 

4 

4-3 

357-4 

4 

194-4 

Post-ovulation, late 

200 

15-5 

4 

3-4 

336-1 

4 

172-8 

Metoestrus 

200 

13-S 

4 

3*7 

335-2 

± 

99-3 

Dioestrus: 

First day 

200 

12-5 

4 

3-3 

299-7 

4 

71-4 

Second day 

150 

12-2 

4 

3-0 

295-2 

4 

53-0 

Third day 

200 

13-3 

4 

2-7 

292-7 

4 

67-7 

n= number of measurements. 

a = arithmetic mean, c 

= standard deviation =^f[/d“/(n 

-1)1- 
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Fio. 2. Thickness of dennis in relation to ocstrous cycle in the mouse 


T 
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the curve in both regions occurred during pro-ovulation oestrus after the pro-oestrous 
period of intense mitdtic activity. At this time tlie epidermis was four to six cell 
layers thick, and keratinization reached its climax with the production of a thick 
darkly staining stratum corncum. During post-ovulation oestrus the stratum corneum 
became separated from the remaining epidermal layers, and tlie thickness was 
reduced to about three cell layers. In botli regions there was a marked decrease of 
thickness and lack of keratinization during the first day of dioestrus, whicli coincided 
closely with the low mitotic activity at that period. In fact, during dioestrus as a 
whole the epidermis remained comparatively thin and showed little increase until 
late pro-oestrus. 

T/ic denms. For the purpose of ilicsc measurements (Table 2 and Fig. 2) the term 
dermis includes all tissues between t\\c inner surface of the stratum cylindricum and 
the outer surface of the first layer of striated muscle. The measurement of the dermis 
presented difficulties in that its thickness varied considerably over a ver 3 >^ short 
distance in anj’ one animal. Tins great individual variation, as indicated by the 
standard deviation, seemed to suggest that any detailed study of the thickness during 
the cj^clc would be of little value. However, from the results obtained, there appeared 
to be a marked fluctuation in the thickness of the dermis from its highest point during 
oestrus to ite lowest during dioestrus. Tl\is variation occurred almost entirely in the 
fattj^ layer, which apparentlj^ reached its greatest thickness during tlie later part of 
tlic ocstrous period, and fell quite suddenly to a minimum during the first day^ of 
diocstrus. 

A comparison jviih the ovary and ntcrus 

In each animal sections of skin and uterus were compared at the various stages of 
the oesirous cycle, and it was found that the mitotic activity in the epidermis was 
invariably in direct relation to the mitotic activity of the uterus. For instance, the 
animal wliicli gave the lowest mitosis count in the epidermis also showed the lowest 
activity in the uterus for that group. Similarly an animal of high epidermal activity 
would show great activity in the iiterus. 

Table 3. Niimbcrs of mitoses in (he cpideryriis and ovarian germinal epiihelinin correlated 


tuith (fie numbers of Graafian follicles hi 

mice killed in the 

pre-ovulation ocstrous period 



No. of 

No. of mitoses 


No. of 

mitoses in 

in epidermis 

No. of 

Graafian 

germinal 

(anterior 

mouse 

follicles* 

opitholium* 

dorsal) 

13 

0 

32 

84 

251 

3 

62 

223 

14 

4 

101 

475 

131 

5 

107 

430 

12 

6 

93 

472 

83 

7 

140 

673 

346 

11 

201 

ISO 


* Tho figures for Graafian follicles and mitoses of tho germinal opitholium wore taken from BuUongk 
1942a]. 

Further, during tlie pre-ovulation oestrous period a close relationship was found 
to exist between the number of large Graafian follicles in the ovary and the mitotic 
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activity of the skin and germinal epithelium (Table 3). It ^\all be noted that mouse 
no. 346 is an exception to this general rule, and this particular case will be discussed 
later. 

Discxrssiox 

Comparison of the graphs in Fig. I suggests a definite relationship between the rate 
of mitosis and the thickness of the epidermis. An examination of these graphs shows 
that the period of greatest mitotic activity during pro -oestrus is followed by a period 
of maximum thickness of epidermis during late pro-oestrus and pre-ovulation oestrus. 
The high rate of keratinization during late oestrus together with the gradual decrease 
in mitotic activity results in a decrease in thickness of the epidermis, the minimum 
activity and epidermal thickness occurring during the first day of dioestrus. With the 
renewed increase in mitotic activity in late dioestrus, a gradual increase in the thick- 
ness of the epidermis sets in. 

In the case of the dermis, a detailed comparison of the results is more difficult. 
Even with the colchicine technique very few mitoses were observed. It seems 
possible to conclude, however, that a great increase in the fatty layer does occur 
during the oestrous period, while the minimum again occurs during dioestrus. By what 
means this fluctuation takes place it has not been possible to determine. 

A comjparison of the shin of the adult mouse with that of the young 
mouse and the Australian opossum 

In the early post-natal development of the skin and hair of the Australian opossum, 
Trichosurus vulpecula [Gibbs, 1938], and of the mouse [Gibbs, 1941], phases of increase 
and decrease in thickness of the epidermis were noted which were then impossible 
to explain. It seems apparent now, however, that the phenomenon was due to a 
variation in the rate of mitotic activity in the epidermis. Further, in the work on 
the mouse some relationship seemed to be apparent between the developing ovary, 
as indicated by Butcher [1928] and Engle [1931], and the phases of development in 
the sldn. In fact, Engle states that foUicular fluid first appears in* the ovarian follicles 
of the mouse at the twelfth or thirteenth day which coincides exactly with the time at 
which the period of decrease in the thickness of the epidermis ceases and an increase 
in thickness commences. Hargitt [1930] shows that irregular and incomplete cycles 
do occur in the ovary of the immature rat. It seems possible therefore that, as in the 
adult female, this variation in thickness of the epidermis in the young mouse is due 
to a change in the mitotic activity, which itself is in some way connected with an 
incomplete and immature ovarian cycle. 

A correlation between the cyclic changes in the reproduciive organs and in the shin 

In the studies of oogenesis and its relation to the oestrous cycle in the adult 
mouse [Bullough & Gibbs, 1941; BuUough, 1942a] and the method of foUicle 
development in the ovary of the mouse [Bullough, 19426] animals identical with 
those of the present work w^ere used, and interesting comparisons resulted. For 
instance, the low’est point of mitotic activity in the germinal epithelium of the ovary 
was found to occur during the first day of dioestrus, 'which coincides with the time of 
lowest mitotic activity in the mouse epidermis. On the other hand, the peak of 
activity of the germinal epithelium occurs later than it does in the epidermis. Further, 
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during tlic prc-ovulation period of oestrus there appears to be some connexion between 
the large maturing follicles then 2)rcscnt in tlic ovary, tl)c number of mitoses in the 
goiniinal epithelium, and in the epidermis (Table 3). In fact, it seems apparent that 
the number of mitoses in the germinal epithelium and in tlie skin varies directly with 
the number of largo follicles in the ovary. The exception would appear to be animal 
no. 34G, which, although it Imd the largest number of Graafian follicles, gave a low 
count for mitoses in the epidermis. Tliis may be explained by the fact that the animal 
appeared to bo actually on the point of ovulation, for Bullough [1942&] has shown 
that at this time the mitotic activity of the ovarian follicle and stroma cells is con- 
siderably reduced, and it may be that the same condition exists in the epidermis. 
Bullough also found a slight increase in mitosis in tliosc cells of tlje new corpus 
lut/Cum which lie adjacent to the new but short-lived reservoir of follicular fluid 
appearing during lalo oestrus or early metocstriis. Tliis activity coincides witli a slight 
rise in mitotic activity in tlic epidermis (Fig. 1), and might well be due to a similar 
cause. 

Further evidence of the close connexion between the mitotic activity of the skin 
and that of the reproductive organs v^^as indicated b}^ a comparison of sections of 
epidermis and uterus of identical animals. The mitotic activity of the epidermis was 
found to be invariably strictly proportional to that of the uterus. 

Ejndcrmal activity during the ocstrous cycle in other animals 

Apart from the many specialized studies on the sexual skin of monkej^s, the onty 
previous work done on changes in the normal skin during the oestrous cycle appears 
to be that of Loeb & Haven [1929] on the guinea-pig. Apparently’' they" did not use 
either the vaginal-smear technique or the colchicine method. Consequently, the 
stages of the oesti'ous cycle were not well defined, and the numbers of cells in mitosis 
were found to be very small. However, they state that mitotic activity" is much 
reduced during the oestrous period, that there is a slight rise from tlie first to the 
fifth day" after heat, a temporary rise from the seventh to the tenth day", and that the 
greatest activity occurred on the fifteenth and sixteenth days of the cycle just before 
a now opening of the vagina was observed. This would probably correspond to pro- 
oestrus, the period of greatest activity in the mouse skin. It is difficult, liowever, 
with the incomplete data given, to make any closer correlation between the two 
animals. The statement of Loeb & Haven that the greatest mitotic activity occurs 
in the guinea-pig when neither the corpus luteum nor the follicular hormone is 
functioning seems to be denied by the present work and by that of Bullough, for it 
is now shown that the greatest activity in the epidermis, uterus, and ovarian follicle 
and stroma cells occurs wlien there is a large and rapidly growing accumulation of 
follicular fluid in the ovary. 

GENERAL CONCLUSION 

The conclusion is reached that a definite connexion exists between the cyclic growth 
of the reproductive organs and tliat of the skin, and tlie suggestion is made that the 
causative factor in both cases may be the same. 
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StTMilABY 

1. The mitotic activity of the epidermis in the mouse (estimated by means of the 
colchicine technique) varies throughout the oestrous cycle, the maximum activity 
occurring during pro-oestrus and the minimum during the first day of dioestrus. 
During pro-oestrus and early oestrus the mitotic activity of the epidermis varies 
directly with the number of maturing follicles in the ovary, and it also shows a direct 
relationsbip with the mitotic activity of the uterus. 

2. The thickness of the epidermis fluctuates with the rate of mitotic activity, 
being greatest in early oestrus (just after the pro -oestrous period of maximum mitotic 
activity) and least on the first day of dioestrus. 

3. Great individual variation occurs in the thickness of the dermis, but there 
appears to be an increase in the thickness of the fatty layer during oestrus. 
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RATE OF ABSORPTION OF ESTERS OF OESTRONE AND 
OESTRADIOL AS DETERMINED BY FEATHER TESTS 


By a, S. PARKES, From the National Insiiiutc for Medical Research, 

London, NAY. 3 

{Received IS July 1942) 

The well-known response of tlie breast feathers of the Bro^ra Leghorn capon to 
oestrogens can rcadilj’’ be used to determine the rate of absorption of different esters 
[Parkes, 1937], In the male the breast feathers are blade; injection of oestrogen while 
feathers are growing causes deposition of the fawn pigment characteristic of the 
female. Only that part of the feather is changed wliicli is growing when oestrogen is 
present; existing plumage is not affected. Since the rate of feather growth is known, 
the width of the fawn bar in the black feather indicates the time during which 
effective amounts of oestrogen were circulating. Thus, if a single injection is given, 
the duration of effect of a compound can easily be ascertained. 

In the work previously recorded the duration of action of the follovdng substances 
was examined: oestrone, oestrone acetate, oestrone benzoate, oestrone methyl ether, 
oestradiol, oestradiol diacetate, oestradiol monobenzoate, oestradiol dibenzoate, 
oestradiol 3-benzoate 17-acetate, 17-niethyl oestradiol, oestriol, oestriol triacetate. 
The results were clear cut, and showed, in concordance with mammalian experiments, 
that certain of the esters, notably oestradiol benzoate acetate, have a very prolonged 
action. It was later demonstrated [Deanesly & Parkes, 1937] that the prolonged 
action is due to delayed absorption from the site of injection. 

Following the earlier work, experiments were carried out with a large series of 
aliphatic esters of oestrone and oestradiol, and, after unavoidable delay, the results 
are now recorded. 

TECHNIQUE 

The technique was as previously described. Capons were used in groups, usually of 
five. One side of the ventral surface of each bird was stripped of feathers, and about 
10 days later when the new feathers appeared through the skin, the substance to be 
tested was injected intramuscularly, dissolved in 1 ml. of arachis oil. All doses were 
calculated in terms of free hormone. About 6 weeks later when feather growth was 
complete, representative feathers were plucked from each bird, mounted, and the 
width of the bar measured to the nearest millimetre. Where the bar was highly 
irregular, or where, as with medium doses of some of the higher esters, the response 
took the form of a blotch or a thick rachis stripe, measurement was not attempted. 
Under the conditions of maintenance of the birds, the breast feathers grew at a rate 
of about 2 mm./day [Parkes, 1937] so that the ‘duration of effect of the hormone in 
days’ was obtained by dividing by two the ‘width of the bar in mm.’ 
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BEStTLTS 

Oestrone 

The results for the oestrone esters are shown in Table 1. The folio'n'ing comments may- 
be made. 

(1) In general, the results entirely confirm those obtained on rats by ISIiescher, 
Scholz & Tschopp [1938a]. These authors showed that with the aliphatic esters of 
oestrone, the duration of the response of the ovariectomized rat was directly pro- 
portional to the number of carbon atoms in the acid chain, and that with the higher 
esters the minimum effective dose w'-as much increased. 



Table 1, 

Oestrone esters 



Dose 

"So, of 

Average width of bar 

Average duration 
of response 

Ester 

mg. 

capons 

mm. 

days 

Propionate 

0-25 

6 

2*4 

1 


1-0 

4 

3*7 

2 


4-0 

5 

6-8 

3 

n -Butyrate 

0-25 

5 

2*0 

1 

1-0 

5 

4*2 

2 


4'0 

5 

5*6 

3 

itfo -Butyrate 

0'25 

4 

3*5 

2 


1-0 

4 

8-0 

4 


4-0 

5 

9*0 

4 

Valerate 

01 

4 

3-7 

2 


0-25 

5 

6*2 

3 


1*0 

5 

14-G 

7 


4*0 

5 

17*2 

9 

Caproate 

0-1 

5 

2*8 

1 


0*25 

6 

7-4 

4 


1*0 

6 

20*2 

10 

Caprylate 

0*1 

6 

5-0 

2 


0*25 

5 

7*4 

4 


1*0 

— 

22*4 

11 

Laurate 

0-1 

4 

Blotchy or nothing 

— 


0*25 

5 

Blotchy or nothing 

— 


0*5 

4 

20*2 

10 


1*0 

3 

32*6 

16 

Palmitate 

0*1 

4 

Blotchy or nothing 

— 


0*25 

5 

Irregular rachis marks 

— 


0*6 


Considerable but very 

— 


1*0 

if 

irregular response 



(2) In the feather test, a single injection of 1 mg. of free oestrone causes a response 
for only about 2 days. Increase of dosage does not prolong the response. The acetate 
is but little more effective [Parkes, 1937]. It will be seen from Table 1 that the pro- 
pionate and the n-butyrate are similar to each other in duration of effect and both are 
not obviously better than the acetate or the free substance. The iso-but-Trate, however, 
is much better and the improvement continues up to the capiydate. In this series the 
intensity of the response, as judged by the minimum effective dose, is not decreased, 
but actually increases. The laurate and the pahnitate, however, although giving a very 
prolonged action with the higher doses, give a highly irregular response with the 
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lower doses, the fawn area being in the nature of a blotch on the rachis rather than 
of a transverse bar. This type of response, similar to that previously described for 
sub-effective doses of oestradiol dibenzoatc, is caused by prolonged minimal dosage. 


Tab]o 2. Oestradiol esters 



Dose 

mg. 

No. of 
capons 


Avorago duration 

Estor 

Avorago width of bar 
znm. 

of response 
days 

Di-propionnto 

005 

5 

3’8 

2 


0*1 

5 

8-0 

4 


0-25 

5 

11-4 

6 


1-0 

5 

24*6 

12 

3-Bonzoato- 1 7 -butyrato 

005 

5 

0 

0 


0*J 

4 

0 

0 


0*25 

5 

Blotches or nothing 

— 


1*0 

3 

40*3 

20 

17»Propionato 

0*1 

4 

1 onl^^ with bar 

0 


0-25 

2 

3*5 

2 


no 

5 

4-0 

2 

17-Caprylato 

0-05 

5 

Rachis stripes or no tiling 



O-I 

5 

Rochis stripes or blotchy 

— 


0*25 

4 

Blotchy 

— 


1-0 

4 

40+ 

20+ 


Oestradiol 


The original paper [Parkes, 1937] recorded results in feather experiments with three 


esters of oestradiol, the diacetate, S-benzo- 
ate, and the 3-benzoate-l 7-acetate. Data for 
the dibenzoate were added by Deanesly & 
Parkes [1937]. Four further esters have now ^ 
been investigated in the feather test, the di- 
propionate, the 3-benzoate-17-butyrate, the ^ 
17-propionate and the 17-capryIate (Table 2). | 
The results are substantially in agreement & 
with those obtained by Miescher et al, [19386] g 
in experiments on ovariectomized rats. The ^ 
dipropionate proved to be a highly effective ^ 
ester, having an action both more intense ® 
and more prolonged than the 3-benzoate. S 
The 3-benzoate-l 7-butyrate had a low in- § 
tensity, being inactive in the lower doses, 
but a very prolonged effect in the higher 
doses, and was generally similar in action to 
oestrone laurate and palmitate. The 17-pro- 
pionate was similar to oestrone propionate 
in being but little better tlian tlie free 



No, of carbon atoms in acid chain 


hormone. The 17-caprylate gave a very 
irregular response in the lower doses and a 
ver3^ prolonged one in the higher doses, being 


Fto. 1. Duration of foathor rosponso to 1 mg. of 
oestrone in estorifiod form in relation to number 
of carbon atoms in the acid chain. 


similar in this respect to oestradiol dibenzoate and to the higher esters of oestrone. 
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On the basis of these experiments, it seems that esterification in position 17 has 
more effect in delajnng absorption than has the same modification in position 3. 

SIIMSIARY 

1. The duration of action of further esters of oestrone and oestradiol has been 
tested by ascertaining the time for which, following a single injection, they will 
feminize the ventral feathers of Brown Leghorn capons. 

2. The results are in full agreement with those previously obtained in the feather 
test by Parkes [1937] and with those obtained on rats by Mescher ei a^. [1938]. 

3. Deanesly & Parkes [1937] found that the prolongation of action caused by 
esterification was due in all cases examined to delay of absorption from the site of 
injection, and it is likely that a similar explanation applies to the esters discussed in 
the present paper. 

I am much indebted to Messrs Ciba, and the British Drug Houses respectively, for 
the esters of oestradiol and oestrone. 
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THE ROLE OF THE ADRENAL CORTEX AND ANTERIOR 
PITUITARY GLAND IN INDUCED SECONDARY 
SHOCK SYMPTOMS 

By M. REISS, L. D, JIACLEOD and Y. M. L. GOLLA, 

From the Endocrinological Department of the Burden Ncnrological Institute, Bristol 

(Bcceived 10 Avgust 1942} 

In recent years there lias been considerable discussion about the influence of adrenal 
cortical extracts on secondary shock. Wliile some observers hold that treatment with 
sucl) extracts lias a distinct influence on the severity of shock produced by various 
means, others have expressed the opinion tliat adrenal cortical extracts have little 
or no value in either the prevention or treatment of shock. 

The present paper is not only concerned with the effect of adrenal extracts on 
animals suffering from a shockdike syndrome, but also with the effect of anterior 
pituitary hormones on such animals, as well as Avith the effect of these two principles 
on adrenalectomized and hypophysectomized animals in a shockdike state. 

Our method of producing a shock-like state (intraperitoneal injections of hypertonic 
glucose solution) does not claim to cause traumatic shock but does reproduce a number 
of symptoms which also occur in the clinical sjmdrome of traumatic shock. This method 
would appear to have tlie advantage of a reasonably quantitative gradation of the 
stimulus and is, thus, amenable to more rigid experimental control. 

EXPERIMENTAL 

The method chosen was designed to allow on the one hand the production of altera- 
tions of body temperature, oxygen consumption and haemo-concentration simulating 
as closely as possible those observed in secondary shock, and on the other hand to be 
capable of quantitative variation. Thus it Avould be possible by suitable adjustment 
of the conditions to decide whether the resistance of an animal had been decreased 
or increased by any particular treatment. 

It was found that if a hypertonic (40 %) solution of glucose were injected into the 
peritoneal cavity of our Wistar rats, the following changes would develop after half 
an liour. 

(1) A sharp reduction in the oxygen consumption. 

(2) A marked decline in body temperature. 

(3) Concentration of the blood, as shown by an increase in the percentage of red 
cells determined by haematocrit. 

(4) A fall in blood sodium content. 

(5) A fall in total plasma protein. 

These alterations AA^ere susceptible to gradual variation, the temperature falling 
further and the concentration of the blood increasing as greater quantities of glucose 
Avere injected. When the amount of glucose solution employed readied the value of 
4 ml./lOO g. body Aveight, the rats, after 1 hr., lay in the cage in a droAvsy and finally 



293 


HORMONES AND SECONDARY. SHOCK SYilPTOMS 

prostrated condition, convulsions frequently occurred and they died 2^3 hr. after the 
injection. It was noticed that the breathing first became very slow and finally stopped 
about a full minute before the heart ceased to beat. Another point of interest is that 
immediately after death the capillaries were seen to be markedly dilated throughout 
the peritoneal ca\ity. Although the effect on plasma proteins has not yet been fully 
investigated, preliminary experiments have sho^vn a diminution of plasma protein 
of about 30% compared vdtli that of normal rats of the same weight. With 
smaller doses normal animals generally survived after a marked fall in temperature, 
haemo -concentration and other symptoms of secondary shock. In many experiments 
it was possible to demonstrate a direct relation between the intensity of the measur- 
able effects and the dose of glucose solution injected. 

Dehydration shock has previously been studied by Davis [1940 a, 6, 1941], though 
his experiments were chiefly directed to the investigation of histological changes. 
He noted, however, that dehydration leads also to deficient oxygenation of the tissues 
and increased permeabDity and dilatation of the capillaries, resulting from the local 
effect of poorly oxygenated blood. 


Body temperature 

The use of mercury thermometers for temperature measurement was soon aban- 
doned, a thermo-electric method being used for the later series of experiments. The 
rectal temperature was measured by means of a tberrao-element protected by a thin 



InjectioTi Hours after injection 



Fio. 1. 


Fig. 2. 


Fro. 1. Fall in temperature in infantila male rats (36-40 g.) injected intraperitoneaUy with I ml. of 
40% glucose solution. normal controls (6 animals). B, adrenalectomized 3 days previously 
(6 animals). C, adrenalectomized and pretreated with desoxycorticosterone acetate 3 days 
previously (6 animals). 


Fig. 2. Effect on body temperature in male rats {83-135 g.). A, normal controls (7 animals). B, adrenal* 
ectomized 2 days previously (7 animals). C, adrenalectomized and pretreated with corticotxophic 
hormone 2 days previously (7 animals). 


steel tube of 2 mm. diameter and 2 cm. length, the animals being kept throughout 
the experiment in a room maintained at 25° C. The results of these experiments are 
shown in Figs. 1-4 •, Fig. 1 showing average temperature curves from the following 




Fio. 3. Body tomporaturo in adult mnlo rats (250-300 g.) following succossivo intraporitononl injections 

of li 37 )ortonio glucoso solution. 32 animals, sorinl intraperitoneal injections of 5 ml. of 40 % 

glucose solution. Numbers on curves show order of injections on alternate days. — • — 12 animals 
protroatod with corticotrophic hormono injected intraperitoneally with 6 ml. of 40 % glucose 
solution. 



Fig. 4. Effects on body tomporaturo of continued intraperitoneal injections of 3 ml. of 40 % glucose 

solution. Unbroken lines refer to a group of 12 normal rats (150-200 g.) given 4 injections 

at 2-day intervals. Broken lines refer to a group of 12 hypophysectomized animals which 

received serial injections as in tho normals. Between 2nd and 3rd injections, 4 animals diedt 

2 more between 3rd and 4th injections, leaving 6 survivors. Heavy broken lines show results 

following glucoso injection after treating tho C stirviving hypophysectomized animals witli corti- 
cotrophic hormone for 2 days. All curves represent tho averngo tomporaturos of tlio animals used 
in each case. 
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tliree groups of animals: (a) normal untreated controls of 3(>-40 g. weight; (6) animals 
of the same age and weight adrenalectomized 3 days previously ; (c) animals as in (6) 
but treated beforehand with 1 mg. of desoxycorticosterone acetate. All animals in 
each of the three groups received the same amount of 40% glucose. The normal 
controls showed the characteristic fall of temperature but recovered after 4 hr. The 
animals of group (6), which were adrenalectomized but otherwise untreated, showed a 
greater fall of temperature, failed to recover and died. The group (c) animals treated 
with des oxycoiii cos te rone acetate did not die and behaved like the normal controls 
in group (a). 

Fig. 2 shows the results of an experiment similar in nature to that of Fig. 1 except 
that heavier rats were used and the amount of glucose was therefore smaller in pro- 
portion. It is clear that the adrenalectomized animals showed a much greater fall in 
temperature and a slower recovery. The animals of group (c) were treated in advance 
with corticotrophic hormone of the anterior pituitary gland and, although adrenal- 
Bctomized, showed on the average a smaller temperature fall and an even more 
rapid recovery than the untreated controls of group (a). 

Fig. 3 shows the average temperature curves obtained from a group of thirty-two 
nomal rats of 250-300 g. body weight. These rats were treated on alternate days vrith 
the relatively larger amount of 5 ml. of 40 % glucose injected mtraperitoneall 3 \ After 
the first injection they showed an average fall of temperature to 32^ C., and even after 
7 hr. had not completely recovered. After the second injection the fall of temperature 
was less, to 36°. C., recovery being complete after 5 hr. From the diagiam it can be 
seen how the resistance of the rats increased with successive injections. ^Yhen after 
six injections these animals were killed in order to carry out chemical determinations 
on the blood (see Table 2), it was formd that the average weight of the adrenals had 
increased by 55%, and that of the pituitaries by 20%, as compared vdth the corre- 
sponding organs in the untreated control group kept under similar conditions. 

In the same figure are shown the results obtained on twelve animals of similar 
weights kept under the same conditions, but treated with corticotrophic hormone 
3 days prior to the glucose injection. Such animals displaj^ed a decidedly' lower fall in 
temperature than normal rats, following the first injection, and behaved like rats the 
resistance of which had been increased by previous shocks. 

Fig. 4 illustrates the differences in behaviour as regards temperature disturbance, 
between groups of normal and hypophysectomized rats when repeated injections of 
3 ml. of 40 % glucose were administered intraperitoneally at 2 -day inter\'als. MTaereas 
the twelve intact animals used showed the development of resistance to the tempera- 
ture-lowering effect of the injections, the hypophysectomized rats tended to become, 
if anything, more sensitive, and some, in fact, died follo\\T[ng the later glucose injec- 
tions. After four injections bad been given on alternate da^^s, the six rats surviving 
from the original group of twelve were given corticotrophic hormone for 2 da 3 "s and 
were again injected vnth. glucose. The result, as sho^\^^ b^^ the average temperature 
course following the injection, was a definite improvement, though not a return to the 
behaviour of the normal controls. The results, based on average figures, seem to show 
with fair clearness that hj^ophysectoray not only makes the animals more sensitive, 
but also reduces the power to develop resistance. The effect of corticotrophin would 
seem to suggest that the adrenal cortex plaj-s an important part in these phenomena. 
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Oxygen consumption 

The oxygen consumption of the rats used was measured in a closed system as in 
earlier experiments [Reiss, 1941], employing spirometers. A few characteristic results 
are given in Fig. 5. It can be seen that the oxygen consumption of untreated rats is 
diminished 1 hr. after injection of the liypertonic glucose solution. The fall in oxygen 



Fig. 5. Oxygen consumption of rats injected intraperitonoally with 2*5 ml. of 40% glucose solution. 

Normal controls (2 animals). Animal injected subcutaneously with 20 units of corti- 

cotrophic hormone A hour before glucose injection. — ■ — Animals subcutaneously injected with 
50 units of corticotrophic hormono for 2 days preceding the experiment (2 animals). 

uptake is distinctly lower in the case of an animal which had received corticotrophic 
hormone half an hour before the glucose injection. Results were not always uniform, 
due presumably to variations in the rate of absorption of the hormone and the 
susceptibility of the adrenal cortex. If tlie animals were treated with corticotrophic 
hormone 2 days previously, the depression of the oxygen consumption following 
glucose injection was negligible. 

Chemical changes in the blood 

Blood was obtained during decapitation, heparin being used to prevent coagulation. 
Sodium was determined according to Weinbach’s method [Weinbach, 1935]. For 
haematocrit determination average values Avere taken from ten glass capillaries each 
time sealed at one end after admitting blood. Results are shown in Tables 1-3 and 
display changes occurring in the same sense as in the experiments discussed in the two 
sections above. The blood of adrenalectomized animals following glucose injection 
shows a higher red cell percentage and a lower sodium value than controls. Treat- 
ment with corticotrophic hormone tends to inhibit botli of these reactions, a similar 
inhibitory effect being obtained with desoxy corticosterone. 

Treatment with corticotrophic hormone tends to prevent to a considerable extent 
the occurrence of such changes even in normal animals. The sodium foils less and the 
cell volume rises less. Table 2 shows also the blood chemical changes in the animals 
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previously referred to in Fig. 2. These, after tlie sixth glucose shock, showed a smaller 
diminution of sodium and a smaller rise in cell volume than the control group, shocked 
for the first time. 

The blood changes studied appear to follow a somewhat similar course w'hen hypo- 
physectomized instead of intact animals are used for the experiments. Table 3 shows 
that the fall in blood sodium is more pronounced in hypophysectomized than in normal 
rats, and that after treatment with corticotrophic hormone or total anterior lobe 
extracts this effect disappears. Desoxycorticosterone acetate was less effective than 
the two former preparations in diminishing the rise in relative blood-cell volume. 

DISCUSSION 

The introduction of a solution so strongly hypertonic as that employed in our experi- 
ments undoubtedly provokes a far-reaching upset of equilibrium between the capil- 
laries and the neighbouring interstitial tissues, and this in turn may involve damage 
to the endothelial function, which may be either transitory or permanent, depending 
on the particular experimental conditions. Several authors have demonstrated that 
a characteristic feature of secondary shock is a disturbance of capillary permeability, 
leading to loss of a large part of the circulating plasma proteins. The kind of damage 
to the endothelial function which is envisaged might be likened to that described by 
Zweifach [1941] who examined the effects of trauma produced in parts remote from 
those investigated (tongue and mesentery of the frog). He was able to show that first 
of all the contractile response to nerve stimulation vanishes, with the result that the 
capillaries remain partly dilated, and as a consequence the venous circulation is 
slowed and the permeability of the vessels increased. 

Following adrenalectomy the permeability of membranes is known to be altered. 
Thus, the rate of absorption of sodium, potassium and chloride from loops of the ileum 
is diminished in adrenalectomized dogs [Denis & Wood, 1940]. Remington [1940] 
found large differences in absorption rates between normal and adrenalectomized 
animals following intraperitoneal injection of isotonic glucose and sucrose solutions in 
large amounts (10% of the body weight). The increase in permeability produced by 
inflammatory exudates can be inhibited wholly or in part by adrenal cortical hormone 
[Menkin, 1940], The relationship between capillary function and adrenal cortical 
hormone is made abundantly clear in a recently published paper [Rhoads, Wolff & 
Lee, 1941] dealing with bum shock, where it is shown that adrenal cortical hormone 
enables the vessels to retain a greater proportion of transfused plasma protein. 

Our own experiments have demonstrated the close relationship existing between 
the adrenal cortex and the anterior pituitary, on the one hand, and the intensity of 
the shock-like syndromes produced by intraperitoneal injection of hypertonic glucose 
solution, on the other. The increase of resistance produced in adrenalectomized, 
but especially in normal, animals by desoxycorticosterone and stiff more by corti- 
cotrophic hormone is a powerful argument in support of this claim. The fact that the 
resistance of adrenalectomized rats could also be increased by corticotrophic hormone 
can only be explained on the assumption that the corticotrophic hormone in this case 
stimulates accessory cortical tissue, which, in its turn, produces sufficient cortical 
hormone to increase the resistance. We may further assume that the increased 
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resistance occurring in normal animals following repeated glucose injections depends 
upon increased endogenous production of corticotropliic hormone and, consequently, 
of adrenal cortical hormone. This explanation is supported by the increase in weight 
of the adrenals and pituitaries actually observed as well as by the failure to develop 
resistance in hypophysectomized animals. This would be in line mth the observation 
of Weil & Browne [1939] that there is an increased secretion of adrenal cortical 
hormone in patients exposed to surgical shock. 

Further experiments are in progress to examine the effect of total anterior pituitary 
gland extract and desoxycorticosterone upon the behavioiu* of hypophysectomized 
rats after intraperitoneal glucose injection. As far as can be judged at present, 
desoxycorticosterone acetate seems capable of protecting those animals to a certain 
extent, while a total extract of the anterior lobe is probably slightly more effective 
than a partially purified preparation with only corticotrophic action. 

The following points might be stressed as resulting from the present investigation. 
First, by the use of corticotrophic hormone the full activity of the suprarenal cortex 
can be mobilized very rapidly; Fig. 5 illustrates that an effect can actually be demon- 
strated within half an hour of injection. This may be compared with the rapid action 
of gonadotrophic hormone on the ovaries [Reiss, Druclcrey & Fischl, 1932] and of 
thyrotrophic hormone on the thyroid gland [Reiss, Hochwald & Druckrey, 1933]. 
Secondly, the body’s own adrenal cortex is stimulated by corticotrophin as con- 
trasted with a substitution therapy when cortin or desoxycorticosterone acetate is 
given. The latter, in any case, is in aU probability not the only secretory substance of 
the adrenal cortex; in fact it is even doubtful if desoxycorticosterone is secreted by the 
adrenal cortex at all. Selye & Dosne [1940] claim that desoxycorticosterone acetate is 
ineffective against traumatic shock, corticosterone only being of value. The latter 
substance, however, has not yet been prepared synthetically and is not available in 
any quantity. Apart from this, there are theoretical objections to the use of desoxy- 
corticosterone or cortin in that they depress the functions of the body’s own adrenal 
cortex. Finally, our results suggest that it may be worth wliile to investigate the 
effect of corticotrophic preparations (which are fairly easily accessible) in early stages 
of secondary shock. An investigation of the prophylactic use of these substances in 
cases where secondary shock is to be anticipated may also be of interest. 

SUMMARY 

Shock-like symptom's (decrease in oxygen consumption, decrease in body temperature, 
rise of blood haematocrit values and blood sodium content) were produced in rats by 
intraperitoneal injections of a hypertonic glucose solution. This method may permit 
an approximately quantitative gradation of the intensity of the shock-like condition. 

The sensitivity of adrenalectomized and hypophysectomized animals to such shock 
was found to be remarkably increased. 

Corticotrophic hormone, and to a lesser extent desoxycorticosterone, were able to 
increase the resistance to the effects of intraperitoneal glucose injections not only of 
adrenalectomized and hypophysectomized animals but also of normal animals. 

The resistance against the development of the shock-like symptoms produced by 
our method in normal animals was found to be increased after repeated injections of 
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hypertonic glucose solutions, Hypophysectomized animals, on the other hand, failed 
to acquire such resistance. 

The possible clinical significance and application of these results are discussed. 

Our thanks are due to Messrs Organon Ltd., London, for the gift of generous sup- 
plies of desoxy corticosterone acetate and corticotrophic hormone. Acknowledgement 
is also due to W. Gross, H, Peglar and E. Graetzer for much valuable technical 
assistance. 
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THE EFFECT OF VARIOUS HORMONES ON THE 
CHEMICAL AND PHYSICAL PROPERTIES OF BONE 
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(Received 13 August 1942) 

Clinicians have long been familiar with diseases of the endocrine system in which 
alterations of bone shape occur, and chemical investigations have now shed some light 
on these conditions. Of all hormones the growth-promoting factor of the anterior 
pituitary gland is undoubtedly the most potent in inducing skeletal change. The 
pituitary may exert a direct control over bone growth and the effects of other hor- 
mones — e.g. those of the thyroid and parathyroid glands and the gonads — may have 
to be explained on the basis of their effects on the production of this growth-promoting 
factor. On the other hand, the converse may hold, viz. the action of the pituitary may 
be indirect. 

While there is considerable quantitative information about the gross metabolic 
changes in bone disease, there is little or no information about the nature of the 
physicochemical alterations, if any, produced [Logan, 1940]. It is well known that 
there is an inerease in the percentage of calcium in* the bones with increasing age, but 
apart from this the analyses of bones in health and disease are verj^ much alike. 
X-ray spectrography [Reynolds, Hayden & Corrigan, 1938] has shown that the 
apatite structure is maintained in health and disease and that hyperparathyroidism 
is the only condition in which an alteration has been detected. 

We have sliown already [Bell, Cuthbertson & Orr, 1941] that rats on a very low 
calcium intake produced very thin-walled bones, which were relativel}^ weak, but in 
spite of this the bones were still of normal shape. Generalized calcium dcficiencjs 
therefore, does not appear to be the essential cause of deformity. Since this work 
showed that we now possess a satisfactory method of investigating bone strength it 
seemed to us of interest to apply it to the bones of animals which had been treated 
with various hormones and to inquire if this new technique would throw any light on 
the nature of the bony changes in diseases of the endocrine system. 

METHODS 

The animals used were white male rats. They were all fed on an adequate diet 
[Thomson, 1936], and the hormones were administered cither with the food in the 
case of the thyroid or injected subcutaneously in the case of the other Iionnoncs. The 
controls of the same age received no treatment except in the case of the control 
animals of the pituitary experiments which received thymus extract instead of 
pituitary extract. The methods of feeding and the methods of chemical analysis were 
exactly as wc have described in our previous paper. 
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Measuremtni of bone strength 

The methods employed to measure the strength of the bones have already been 
described in considerable detail [Bell et aL 1941], and only a brief summary will be 
given here. Consideration of the tests of strength of materials available to engineers 
showed that only two, viz, bending and twisting tests, were likely to represent the 
straining actions taking place in the living animal. For the bending test each right 
femur had its ends cast into semicylindrical pieces of hard resin. With the femur 
supported in a horizontal position weights were added slowly to a pan hanging from 
the centre of the shaft until the bone broke. If the distance between the points of 
support is I, and the breaking load is W, then the bending moment M at the mid- 
point of the bone where it breaks is TlT/4; this is an index of the strength of the bone. 
The quality of the bone material can be judged from the breaking stress derived 
from 


or 


M =5j(a6f), 


M:=S^ 


f TT ab^ — cZc^\ 


( 1 ) 

(3) 


where a, 6, c, d, t refer to the dimensions of the central section of the bone (Fig. 1). 
For the iimsling test hollow cubes were cast on the ends of the left femora and one 
cube was held fixed. Increasing loads were applied in small steps to a pan hung on a 



Fic. 1. Diagrammatic section through the mid-point of the shaft of the femur to indicate where the 
measurements were made. Reproduce by courtesy of Tht Journal of PhysioJogi/^ 

lever attached to the other end of the bone (at right angles to its long axis) until the 
breaking point was reached. The twisting moment T— Wl, where I is the length of the 
lever; this is a measure of the strength of the bone. The breaking stress on testing, 
^ 2 , an index of the quality of the bone material, is calculated from 

T^s^iabl). (2) 

Formulae (1) and (2) do not give absolute values but the figures obtained are com- 
parable among themsekes. Formula (3) provides an absolute value for the breaking 
stress. ® 
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Anterior pituitary extracts 

The extracts of the anterior lobe of the pituitary gland were supplied by Dr F, G. 
Young who prepared them by grinding the fresh frozen anterior lobes in cold saline 
at^H 8-6 [Young, 1938]. This extract has, in addition to its growth-promoting acti- 
vity, thyi’otropic, diabetogenic, glycotropic, gonadoti'opic and prolactin activities. 

The animals of group 1 received 1 ml. of this extract equivalent to 0-125 g. of fresh 
ox anterior pituitary per day; the controls received a similar extract of calf thymus 
gland. In group 2 each ml. of extract was equivalent to 0-25 g. of fresh anterior pitui- 
tary; animals 1-5 received 0-2 ml./day of horse pituitary extract, 6-10 the same 
amount of sheep pituitary extract, 11-15 the same amount of ox pituitary extract, 
while 16-20 (control animals) received the same dosage of an extract of thymus. The 
animals of group 3 received 0*5 ml. of crude alkaline extract of ox anterior pituitary 
gland (1 ml. = 0-25 g. of fresh tissue), the controls receiving the same quantity of an 
extract of calf thymus. This experiment lasted 82 days, in comparison wth the 
25- and 12-day periods of groups 1 and 2. 

Oestradiol 

The animals were given 0-1 mg. of oestradiol dipropionate (Ovocyclin P, Ciba) at 
the beginning of the experiment and again 3 weeks later. This can be considered a 
very large dose of oestrogenic material, since it has been shown by Miescher, Scholz 
& Tschopp [1938] that half this dose would produce an oestrus lasting 40 days in 
castrated female rats. Gardner & Pfeiffer [1938] found that endosteal bone nearly or 
completely replaced the marrow cavities of the femora of mice which had received 
250 i.u., or more, of oestrogens weekly over long periods (about a year). 

Parathyroid hormone 

Ten units of parathyroid hormone (Parathormone, Lilly) were given for the first 
3 days of the experiment, and 3 units daily for the next 38 days — total dose 144 units 
to each animal. This dosage is nearly the same as that given to rats by Reynolds, 
Corrigan, Hayden, Macy & Hunscher [1938] over a slightly shorter period (31 days). 

Thyroid 

In the first thyroid experiment 10 grains (0-67 g.) of thyroideum siccum B.P. were 
incorporated in each 100 g. of food; the average intake of thyroideum siccum was 
approximately 0-12 g./day. 

A batch of thyroid-treated animals which had been used for another experiment 
not requiring controls was given us. For comparison we selected animals of approxi- 
mately the same original weight from our stock. In this second experiment the 
amount of thyroid in the food had been so adjusted that the animals received O-I g. 
thyroideum siccum per day. 


RESULTS AND DISCUSSION 

The detailed results of the experiments are grouped together in Table I ; and tlie more 
important findings are presented graphically in Figs. 2 a, 6. 
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Pituitary experiments 

It win be seen at once that the anterior pitnitary extracts all accelerated growth 
very considerably, the ox pituitary extract being the most potent. The treated ani- 
mals were all heavier, had heavier bones, and had more calcium in their bodies than 
the controls. The amount of calcium in the femora was either the same or ver^^ little 
increased so that the percentage of calcium in the bone was slightly smaller in the 
treated groups ; the same difference is found in young rapidly gronung bones when 
they are compared with older bones. The bones of the pituitary -treated groups were 
almost always stronger than the control bones — indeed, the greatest differences be- 
tween treated and control groups in the entire series have been produced by treat- 
ment with anterior pituitary extracts. The increase in strength is, however, accounted 
for almost entirely by the increase in dimensions; the figures for breaking stress 
suggest that there may actually be a small diminution in the quality of bone material, 
but they do not consistently point in this direction. (The quality of the bone is indi- 
cated by the breaking stress which has been calculated from formulae (1), (2) and (3).) 

Oestradiol experiments 

It will be seen that we were unable to produce any considerable alteration in the 
size of the femora or their calcium content or in the total and percentage calcium in 
the carcass, nor were we able to reproduce the striking reduction of the marrow cavity 
described by Gardner & Pfeiffer [1938]. It may be either that rats are more resistant 
than mice to skeletal changes or that our experiments were not sufficiently prolonged. 

The bones of the oestradiol-treated animals were slightly stronger than those of the 
controls (see M and T), but this is completely accounted for by their slightly larger 
dimensions so that the actual quality of the bony material indicated by formulae (1), 
(2) and (3) is the same. 

Parathyroid experiments 

Beynolds et al. [1938] found on X-ray analysis of the bone powder of their para- 
thyroid-treated animals a pattern differing slightly from that given by the controls, 
but they did not offer any interpretation of the difference. It is rather surprising that 
there should be any changes in rat bones because these animals — judged by clinical 
and chemical tests — are almost immune to chronic high dosage of parathyroid 
hormone. Selye [1932] has drawn attention to the stimulating effect of this hormone 
on the formation of osteoblasts leading to bone apposition. Human beings are also 
fairly resistant to chronic high dosage, but in spite of this, changes have also been 
reported in the X-ray spectrogram in cases of hyperparathyroidism [Reynolds ei al. 
1938]. 

There was a marked increase in the body weight of the parath3Troid-hormone- 
treated animals as compared with the controls ; they were also slightly longer and had 
bigger and heavier femora indicating increased osteoblastic activity. The percentage 
of calcium in the femur was very little affected by parathyroid hormone treatment; 
this was also the case in the experiments of Reynolds ei al. [1938]. The total calcium 
of the carcass was higher than that of the controls although the percentage of calcium 
was, if anything, less ; thus while the hormone induced a greater deposition of bone 
there was a nearly equivalent addition of soft tissue. 
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The femora of the parathyroid group were slightly stronger than those of the con- 
trols but since the dimensions of the former were proportionately greater the quality 
of the bone material in both groups is the same. 

Thyroid experivienis 

The first experiment was tlie more severe ; the animals lost on the average 1*2 g./day 
as against 0-6 g. in the second experiment. In the first and shorter experiment the 
treated animals lost 13 % of their body weiglit as against 18% in the second experi- 
ment which lasted more tlian two and a half times longer. The gain in weight of the 
control animals of the first experiment was 13 %; the total body loss of the thyroid- 
treated animals was therefore of the order of 26%. There is thus no doubt that the 
dosage of thyroid was sufficient to produce a very profound disturbance of metabolism ; 
indeed in such a chronic experiment the dosage could not safely be increased. In these 
circumstances if skeletal clianges accompany the hyperthyroid state then they cer- 
tainly should have appeared in our experiments. 

The loss of skeletal calcium was not quite proportional to the general loss in body 
weight since the percentage of calcium in the thyroid carcasses was greater than in the 
controls. In the second more chronic experiment there was little difference in the 
percentage of calcium in the femur, but in the more severe first experiment there was 
a definite reduction. It is of interest that the skiagrams in group 1 showed no dif- 
ference between treated and control bones although there was a 13 % reduction in the 
calcium of the femora. This indicates that X-ray evidence is only of value after con- 
siderable resorption of bone has occurred. 

The strength of the thyroid-treated bones was less in both experiments but in both 
cases the bones were reduced in size in all dimensions so that the quality of the bone 
material was the same in all animals. 

CONCLUSIONS 

In these experiments we have attempted to induce changes in the metabolism of bone 
by means of hormones. Certain quantitative changes in the strength of the bones have 
obviously resulted, but these can be practically completely accounted for by the 
alterations produced in the dimensions of the bones so that the actual quality, or 
brealdng stress, is substantially the same as that of the controls. 

This work offers no explanation of the change of shape seen in bone diseases pro- 
duced by excessive action of certain hormones. Measurements of the deflexion of the 
centre of the femur during the bending tests were made on representative samples of 
all the groups (2 from the oestradiol group, 2 from the parathormone group, 2 from 
the thyroid group, 4 from the pituitary group and 10 from the corresponding controls). 
There was no difference between controls and treated bones; in all cases the graph of 
deflexion against load was a straight line up to the breaking point exactly as in the 
graph already published. It may be wiser to seek the causes of the deformities which 
are seen clinically in terms of the reaction of the bony tissue to muscular pull or body 
weight — an abnormal variant of the normal modelling process — ^rather than in terras 
of a qualitative alteration of the osseous tissue. 

The results described do not permit of any useful speculation with regard to the 
riddle of direct or indirect action of the pituitary hormone on bone growth. Indeed, 
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the most striking point about the present experiments and those previously under- 
taken on calcium deBciency is the constancy of the phj^sical and chemical charac- 
teristics of bone — a feature which is presumably of value from the point of view of 
the survival of the organism. It may be — although a wider field must first be covered 
— ^that we shall have to give up the idea that there are bones of varying quality, just 
as it has been found necessary to abandon the theory that in disease an endocrine 
organ may produce an abnormal secretion. 

STJ^iniAKY 

The administration to rats of a crude alkaline extract of the anterior pituitary gland 
with growth -promoting properties produced bigger and proportionately stronger 
bones than those foimd in controls injected with thymus extract, but there was no 
alteration in the quality (breaking stress) of the bony material laid down. 

Oestradiol dipropionate induced the formation of slightly heavier and stronger 
bones than normal, but again their strength in bending and twisting tests indicated 
no qualitative change. 

The femora of parathyroid-treated animals were slightly longer and heavier than 
those of either oestradiol-treated or untreated control rats. The strength tests again 
did not show any difference in quality. 

Thyroid gland fed to rats produced a more marked reduction in soft tissue than in 
mineral matter ; but although this was considerable the quality of the bone did not 
appear to have deteriorated. 

We are greatly indebted to Dr F. G. Yotmg, National Institute of Medical Research, 
for supplying the carcasses of the rats injected with anterior pituitary extracts, and 
to Dr J. Orr, Engineering Department, Glasgow University, for advice on the 
mechanical testing. We are also grateful to Messrs Ciba for a gift of Ovocyclin P and 
to Messrs Lilly for a generous supply of Parathormone. The expenses of this work were 
defrayed by the D. C. Andrew Fund of the Institute of Physiology, University of 
Glasgow. 
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In the intact rat the intrinsic action of gonadotrophic substances is often complicated 
by the action of the endogenous gonadotrophins of the test animal. Evidence of such 
complications is provided by histological differences between the condition of the 
ovaries of intact and hypophysectomized immature rats when subjected to stimulation 
by each of a variety of different gonadotrophic substances [Noble, Rowlands, Warwick 
& Williams, 1939], and by the ability of mare serum gonadotrophin to cause ovulation 
in intact rats but not in hypophysectomized rats [Rowlands & Williams, 1941]. The 
ineffectiveness of the serum gonadotrophin in causing ovulation in the absence of the 
pituitary gland of the test animal may be partlj^' explained by its relative lack of 
luteinizing activity, but it is also certainly caused, in part, by the atrophic condition 
of the ovaries when the injection is made [Williams, 1943], 

Leonard & Smith [1933] observed that in hypophysectomized rats an extract 
prepared from tlie urine of post-menopausal women caused only foUicuIar stimula- 
tion; its action thus resembled that of mare serum gonadotrophin. Ovulation did not 
occur unless the rats were subsequently treated with chorionic gonadotrophin. This 
latter substance, by itself, does not cause ovulation in the hypophysectomized rat. 
Poster and his colleagues [Foster & Fevold, 1935; Foster, Poster & Hisaw, 1937] have 
shown that ovulation may also be produced in hypophysectomized rabbits if follicle- 
stimulating and luteinizing extracts are both given, but not if pither of them is given 
alone. 

Guided by these results we have produced ovulation and even superovulation in 
hypophysectomized rats by overcoming the ovarian atrophy with a single injection 
of mare serum gonadotrophin and subsequent^ injecting chorionic or other gonado- 
trophins. We have worked out in some detail the optimal conditions for producing 
ovulation by these means, so that the results so far obtained may act as a basis for 
similar investigations in other species. 

MATERIAL AND METHODS 

Hypophysectomy, Immature, or in some cases mature, female rats were hypophy- 
sectomized by the retro-pharyngeal approach under ether anaesthesia. Body -weight 
changes and inspection of the sella turcica at autopsy served as checks on the com- 
pleteness of the operation. 

Extracts. The following gonadotrophic preparations were used and were made up 
in aqueous solution before injection. 

(a) Mare serum gonadotrophin: PMS 26 — a sample of dried serum wliich was re- 
constituted by the addition of water before injection. The resulting solution contained 
200 international units (i.u.) per ml. 

* Beit Memorial Research Fellow. 
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(6) Chorionic gonadotrophin: UP 31 — an extract of human pregnancy urine con^ 
taining 200 international units (i.u.) per mg. 

(c) Sheep pituitary gonadotrophin: AP117B, 

(d) Pig pituitary gonadotrophin: AP74D. 

(e) Ox pituitary gonadotrophin: AP32Di. 

The three pituitary extracts were prepared by fractionation of the acetone- 
desiccated pituitary tissue [Chance, Rowlands & Young, 1939] and the gonadotrophic 
effects of similar extracts in intact and hypophysectomized rats have been described 
[Noble el ah 1939], 

Injecdons. Each preparation was administered as a single subcutaneous injection. 
The preliminary injection of mare serum gonadotrophin was made 7-9 days after 
hypophysectomy by which time the ovaries were atrophic. The other gonadotrophins 
were subsequently injected as described below. 

Criteria of ovulation. In the early stages of this work the occurrence of ovidation 
was determined by examination of serial sections of the Fallopian tubes for the pre- 
sence of ova. Later a quicker and more economical method was adopted [Rowlands, 
1942], The Fallopian tubes were unravelled in the fresh condition under a binocular 
dissecting microscope. When superovulation had occurred that segment of the tube 
containing the ova surrounded by cumulus cells was usually sufficiently swollen and 
translucent to be recognized by the naked eye. When the tube contained only a small 
number of ova no swelling was visible, but under the microscope the eggs were easily 
seen. This segment was then excised, its contents expressed and the ova counted. 

RESULTS 

Passage of ova through the Fallopian tubes 

Five days after the injection of 40 i.u. of mare serum gonadotrophin the ovaries of the 
hypophysectomized immature rat weigh 20-25 mg. and contain numerous mature 
follicles, but no corpora lutea. The ovaries are, therefore, in an approximately similar 
condition to those of an intact rat at puberty. Groups of -liypophysectomized 
immature rats were injected with 40 i.u. of serum gonadotrophin and again 
5 days later vnth either 0*5 mg. or 1 mg. of the sheep ihtuitary extract, AP117B; 
such an extract is known to have predominantly luteinizing activity [Noble et aL 
1939]. The rats were killed at intervals from 12 to OG hr. after the injection of 
pituitary extract and the Fallopian tubes were examined. The results are given in 
Table 1. 

Ovulation had obviously occurred between the 12th and 24th hr. after the injection 
of AP 117B. The number of rats that had ovulated in the two groups killed at the 
24th hr. was proportional to the dose of AP117B received, though the difference in 
dose had no appreciable effect on the number of ova discharged from the ovaries. 
With the lower dose tlierc was, in the following days, a progressive fall in both the 
proportion of tubes containing ova and in the number of ova that each contained. 
The fact that this decline was not so rapid with the higher close of AP 1 1 7B suggests 
that its action was mote prolonged and that further ovulation may have occurred 
after the 24th hr. FinaUy, it is clear that all ova had passed through the tubes, or 
had disintegrated, by the 96th hr. after the injection of the pituitary extract. The 
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time taken by the ova to pass tlirough the Fallopian tubes of these rats is, therefore, 
similar to that of the eggs of intact rats discharged into the tube at a normal ovulation 
[Huber, 1916]. 

Table 1. Passarjc of ova ihroxigh Fallopian lubes of iinmatiirc liypophyscctomized rats 
injected with viare seruin gonadotrophin and- sheep piUiitary gonadotrophin (AP117B) 


Time of killing 
after injection 
of AP117B 

Amount of 
AP117B injected 


No. of rats with 
ova in tubes 

Average no, of 

lir. 

mg. 

No. of rats 

% 

ova per rat 

12 

0*6 

— 

— 

— 


1*0 

G 

0 

0 

24 

0*6 

5 

40 

11 


1*0 

7 

8G 

10 

48 

0-5 

S 

26 

5 


1*0 

6 

83 

12 

72 

O'G 

G 

17 

1 


1*0 

5 

40 

4 

96 

0*6 

9 

0 

0 


1*0 

8 

0 

0 


Gonadotrophic 

extracts producing ovulation 



Other gonadotrophins were then tested for their ability to produce ovulation in 
immature hypophysectomized rats which had already received 40 i.u. of serum 
gonadotrophin. The experimental procedure was exactly similar to that adopted 
above with the sheep pituitary gonadotropliin. All the animals were killed 24 hr. 
after the second injection. The results given in Table 2 show tliat, under these condi- 
tions, ovulation can be produced with chorionic gonadotrophin, pig pituitary gonado- 
trophin and even by a second injection of serum gonadotrophin itself. We failed to 
produce ovulation with ox pituitary extract in the dosage used. 

Table 2. Ovulation in hypophysectomized rats injected xvith various gonado- 
trophins following an injection of marc serum gonadotrophin 


Gonadotrophin 

Dose 

No. of rats 

Ovulation 

% 

Average no. of 
ova per rat 

Chorionic, UP 31 

10 i.u. 

6 

0 

0 


60 i.u. 

7 

100 

29 

Mare serum, PMS 26 

S i.u. 

7 

0 

0 


40 i.u. 

6 

17 

16 


200 i.u. 

7 

86 

16 

Ox pituitary, AP32D, 

6*0 mg. 

4 

0 

0 

Pig pituitary, AP74D 

2*5 mg. 

6 

83 

14 


12*5 mg. 

6 

66 

6 

Sheep pituitary, AP 1 17 B 

0*5 mg. 

5 

40 

11 


1*0 mg. 

7 

86 

10 


The number of ova produced was generally greater than the number which would 
be expected in the Fallopian tubes after ovulation in intact untreated rate. This was 
especially the case with chorionic gonadotrophin which was the only exclusively 
luteinizing extract used. The average number of ova produced was 29, a number 
which corresponds very closely to that given by Rowlands [1943] for ova released into 
the tubes of intact immature rats after receiving similar treatment. The maximum 
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number produced in any one rat was 49. In view of this high incidence of super- 
ovulation, chorionic gonadotrophin was used in all the following experiments. 

Optimal interval betiveen injections 

The optimal interval between the injections of serum gonadotrophin and chorionic 
gonadotrophin was determined in hypophysectomized rats weighing 100-120 g. The 
rats in this experiment were injected, as before, with 40 i.u. of serum gonadotrophin 
7 days after hypophysectomy and were killed 18 hr. after the injection of chorionic 
gonadotrophin. The optimum interval was found to be 4 days, which is, presumably, 
the time required for the serum gonadotrophin to bring the ovarian follicles 
from a condition of atrophy to one of maturity. If the injection of chorionic 
gonadotrophin is postponed until the 5th day a smaller number of rats ovulate; it 
is probable that by this time atresia of the ripened follicles has already set in. The 
difference between the two results, given in Tables 2 and 3, produced when 50 i.u. of 
chorionic gonadotrophin are given 5 days after the serum gonadotrophin is* probably 
due to the difference in size of the rate used. The same dose of gonadotrophin will 
obviously produce a higher concentration in the blood of the smaller rats. 


Table 3. The effect on owlation of the interval between injections of 
serum gonadotrophin and chorionic gonadotrophin (UP 31) 


Interval between 
injections 

Dose of TIP 31 


Ovulation 

days 

Lu. 

No. of rats 

o/ 

/o 

3 

60 

10 

40 


100 

11 

45 

4 

60 

10 

80 


100 

12 

92 

5 

60 

19 

42 


100 

10 

50 


Time of ovulation 

A further experiment was performed to determine more accurately the time of 
ovulation after the injection of chorionic gonadotrophin. In this instance 50 i.u. of 
chorionic gonadotrophin (UP 31) were injected 4 days after a preliminary injection 
of 40 i.u. of serum gonadotrophin. Immature hjrpophysectomized rats were used and 
the serum gonadotrophin was injected 7~9 days after the operation. The animals were 
killed 12-17 hr. after the injection of UP 31. The results, given in Table 4, show that 


Table 4. Time of ovulation in hypophysectomized rats injected vnth mare serum 
gonadotrophin and chorionic gonadotrophin (UP 31) 


Time killed after 
TIP 31 injection 
hr. 

12 

13 
13J 

14 


Rats with ova 
in tubes 


Ko. of rats % 

6 0 

8 0 

11 36 

13 54 


Time lolled after Rats with ova 

XJP31 injection tubes 

hr. No. of rats % 

141 9 89 

15- 16 17 88 

16- 17 18 94 


ova are first found in the Fallopian tubes in the 13th and 14th hr. after the 
injection of the luteinizing substance. It is obvious that ovulation tviU have occurred 
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slightly earlier than this and, in fact, ruptured follicles were found in sections of the 
ovaries from some of those rats killed 12 hr. after the injection of UP3I. 

The occurrence of ova in the tubes was determined in this particular experiment by 
examination of the tubes in tlie fresh condition. Since the ova were expressed from 
the tubes soon after ovulation they were still surrounded by dense masses of cumulus 
cells and in some instances they could not be counted accurately. Tliey were obviously 
very numerous. 

DISCUSSION 

The experiments described above all support the widely held view that ovulation, in 
the rat at least, is caused by an increase in concentration of luteinizing hormone in the 
circulation at a particular phase of follicular growth. TJic condition of the ovaries that 
are to respond to the gonadotrophic stimulus is, liowever, as important as the proper 
secretion of gonadotrophin from the pituitary gland if ovulation is to occur. By using 
hypophysectomized rats we have been able to study the requisite ovarian conditions. 
There is now little doubt that tlie failure to produce ovulation by a single injection of 
serum gonadotrophin in these rats [Rowlands & Williams, 1941] is due to the atrophy 
of the ovary. This has now been shown in two ways. If the ovarian atrophy is over- 
come and the follicles are stimulated by a comparatively small dose of serum gonado- 
trophin, ovulation is produced by a second and larger injection of serum gonado- 
trophin (Table 2). The fact that this second dose has to be much larger is in keeping 
with the relatively low luteinizing potency of this gonadotrophin; the dose given, 
however, is only a fraction of that Ave liave previousl}^ given singly to hypophy- 
sectomized rats without producing ovulation. This result also shows that excess 
follicle-stimulating activity will not inliibit ovulation or luteinization if the luteinizing 
substance injected with it is acting on follicles that are in a condition for ovulation to 
occur. Again, if the ovarian atrophy following h 3 q)ophysectom 3 ^ is prevented by 
implantation of tablets of stilboestrol [Williams, 1940] a single injection of serum 
gonadotrophin will then produce ovulation nearly as readily as it will in an intact rat 
[Williams, 1943J. The production of ovulation with other extracts, and particiilarlj^ 
with chorionic gonadotrophin, accords with their known luteinizing activity. The 
failure with ox pituitary extract is probably due to inadequate dosage. 

The shortness of tlie phase of follicular growth during which a luteinizing stimulus 
is optimally effective is shown by the data given in Table 3. If the injection of chorionic 
gonadotrophin is given simultaneously with the serum gonadotrophin no luteinization 
occurs; * if it is given 1-3 days after the injection of serum gonadotrophin a premature 
luteinization of the membrana granulosa occurs whicli prevents the escape of the 
ovum. When the injection is delayed longer than 4 days the percentage number of 
rats ovulating is decreased. This has been attributed to the occurrence of degenerative 
changes in the ovarian follicles. For the most efficient use of these extracts in tlie 
production of ovulation the interval elapsing between their injections is of tlie utmost 
importance. It must be remembered that serum gonadotrophin is long-acting since 
it is equally effective if given as one single injection or as five daily injections; 
chorionic gonadotrophin on the other hand is quickly destroyed or excreted — 50 % 
disappears in the first hour after its injection into intact rats [Zondek, 1940; Zondek, 


♦ An unpublished exporimont. 
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Sulman & Sklow, 1941]. The fact that ovulation occurs 12-14 hr. after the injection 
of chorionic gonadotrophin (Table 4) indicates its rapidity of action. The fact that two 
spaced injections of serum gonadotrophin vaW produce ovulation where one larger 
injection will not supports the view that the luteinizing and follicle-stimulating factors 
in serum gonadotrophin are sej)arate entities. 

The actual time elapsing between the injection of chorionic gonadotrophin and 
ovulation is surprisingly constant. This fact will be of practical importance in studies 
on the hormonal conditions necessary for the maintenance of pregnancy, which we 
hope to undertake in hypophysectomized rats. 

SUMMARY 

1. In hypoph^^sectomized immature rats, if the ovarian atrophy is overcome and 
the follicular system stimulated by an injection of serum gonadotrophin, ovulation 
can be produced by an injection of chorionic gonadotrophin, pig pituitary gonado- 
trophin, sheep pituitary gonadotrophin or mares’ serum gonadotrophin. 

2. The optimal interval between the injections of serum and chorionic gonado- 
trophins is 4 days. 

3. Under these conditions ruptured follicles are found in the ovaries 12-13 hr. after 
the injection of chorionic gonadotrophin, and ova appear in the tubes 1 hr. later. 

4. All ova have passed through the Fallopian tubes, or have disintegrated 96 hr. 
after the ovulation-producing injection; their behaviour is thus like that of the ova 
normally produced in the intact rat. 

We are very grateful to the Council of the Middlesex Hospital Medical School 
for providing laboratory facilities for P. C. W- 
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THE URINARY EXCRETION OF OESTROGENS 
FOLLOWING THE INJECTION OF PRO- 
OESTROGENS IN THE GUINEA-PIG 

By C. W. EMMENS, From the National Institute for Medical Research^ London, N,W* 3 

(Received 12 October 1942) 

In previous cominunications.it has been shown that pro-ocstrogens differ in behaviour 
from oestrogens in two Avays. First, the dose of a pro-oestrogen wliich must be placed 
directly into the vaginae of sjjayed mice in order to produce the vaginal changes 
characteristic of oestrus is as large as that needed subcutaneously [Eramens, 1941, 
1942a]. With oestrogens, the intra vaginal dose is from l/50th to l/ 2000 th of the sub- 
cutaneous dose (i.e. the systeniic/local ratio (S/L ratio) is 50 or more). Secondly, a 
minimal effective dose of a pro -oestrogen, when placed in one of the vaginae of mice 
possessing two separate vaginal sacs, causes cornification in the second, untreated sac, 
as well as in the first (Emmens, 19425). Such a dose of an oestrogen, and even much 
larger doses, do not affect the untreated vaginal sac. 

These observations are explicable on the supposition that pro-oestrogens are them- 
selves inert, but that they are wholly or partly metabolized to oestrogens in the tissues, 
but not in the vagina. The final test of this hypothesis is clearly the demonstration of 
such a change in vivo. Since injected oestrogens or their metabolites are excreted in 
the urine of laboratory animals [Kunde, D’Amour, Carlson & Gustavson, 1930; 
Zondek, 1934], it seemed plausible to suppose that, if an oestrogen is formed in the 
body after tlie injection of a pro-oestrogen, some of this oestrogen should, at ai\y rate 
in favourable circumstances, be found in the urine. The detection and estimation of 
oestrogens formed in this way was therefore attempted. 

PROCEDURE 

It was found in preliminary tests that guinea-pigs excrete in tlie urine, in a short 
period after injection, up to 15% of an injected oestrogen. Rats, on tlie other hand, 
excreted onl}^ 0»5 % or less in a similar time. Tlic guinea-pig was therefore chosen as 
the test animal, and injections were given once daily intrapcritoneally in nut oil, for 
3 days. The urine was collected for 5 days, covering the period of injection and the 
2 days following. The intraperitoneal route was chosen in order to avoid a 113 ^ leakage 
of the active substance from the site of injection, and its consequent spurious appear- 
ance in the urine. The period of collection was limited to 5 days for the sake of speed, 
since much preliminary testing and adjusting of dosages were necessaiy. Both male 
and female animals were used, weighing 250-350 g. 

The urine was removed daily from the collecting pot of the metabolism cage and 
stored without preservative during the period of collection at 25° F. It was then 
brought to _pH 1 with concentrated hydrochloric acid. Hydrol 3 ^sis and extraction 
'With benzene followed according to method 1 of Callow, Callow, Emmens & Stroud 
[1939], The benzene extract was evaporated to dryness and the residue taken up in 
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absolute alcobol for the preparation of solutions in nut oil for tests by tbe subcutaneous 
route, or in 50 % water-glycerol for tests by tbe intravaginal route. 

Tbe oestrogenic potency of extracts was estimated with spayed albino mice by the 
tnetbods of Emmens [1939, 1941] for subcutaneous and intravaginal assays respec- 
tivel3% except that control groups of mice receiving international standard oestrone 
were not always included. From 20 to 60 mice per substance were used in each type of 
test, and tbe standard error of estimate of the effective doses (see below) is within 
20 %, time-to-time variation in sensitivity excepted. However, since comparisons for 
the computation of ratios were made, as far as possible, from tests conducted at the 
same time, this source of variation should not be considerable. 

Tests \rith mice possessing two separate vaginae were made as described by Emmens 
[19426], injection being into the upper vaginal sac. 

RESULTS 

The potencies of substances assayed in these tests are expressed in terms of effective 
doses (e.d.), an effective dose being that dose required to produce 50% of positive 
responses in a group of spayed mice by the particular technique followed. This type 
of notation is preferable to that of the international unit for the specific purposes of 
the investigation, as it facOitates the presentation of results, and by its use, the 
pecuUar properties of pro-oestrogens are emphasized. 

Oestrogens 

Table 1 lists tbe results with various oestrogens. The number of effective doses in- 
jected into the guinea-pigs is always considerably greater as measured intravaginally 
than as measured by the subcutaneous route. 

The urine of control animals receiving no injections, or injections of oil alone, con- 
tained 9(h-600 e.d. per 5 days (mean 377 ± 80 e.d.), by intravaginal assay, and no 
oestrogen by subcutaneous assay. The urine of two males showed the same titre as 
females. 

Intravaginal assays of all urines collected from animals injected with oestrogens 
other than oestradiol indicated a lower percentage excretion of the oestrogen or its 
metabolites than assays by the subcutaneous route. To put tbe statement another 
way, tbe S/L ratio of tbe urine extracts was lower than that of the injected oestrogens. 
The urine from the animal receiving oestradiol, however, gave a higher S/L ratio (200 
as against 50 for pure oestradiol). Since oestradiol is probably excreted as oestrone 
and/or oestriol [Pincus & Zahl, 1937] this is not remarkable, as the S/L ratio of both 
of these substances is higher than 200. Diethylstilboestrol is excreted as such, or in 
esterified form [Mazur & Schorr, 1942], and so would he present in extracts as the 
free compound. So, probably, would a-ethyl-j3-phenyl-stilboestrol, whereas oestrone 
might in part be converted to oestriol prior to excretion [Pincus & Zahl, 1937]. 

There thus appears to have been a potentiation of the oestrogens in extracts when 
assayed in oily solution subcutaneously or an inhibition of the same substances when 
assayed in water-glycerol intravaginally. The latter is unlikely, as even esterification 
docs not much alter the activity of a compound when tested locally [Emmens, 1941], 
whereas the former is very likely, as the extracts contained benzoic acid and other 
inactive material likely to potentiate the oestrogens concerned, and similar extracts 
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Table 1. The urinary excretion of oestrogen^ by guinea-pigs after 
the intraperitoneal injection of oestrogens in nut oil 





No. of 

S/L ratio 

Amount 



S/L 


No. and 


oflbetivo 

of 

recovered 


Method 

ratio of 

Compound 

sox of 

Amount 

doses 

injected 

in offoctivo 

0 / 

/o 

of 

urine 

injected 

pigs 

mg. 

approx. 

compound 

doses 

Recovery 

assay 

extract 

Nil 

7 ? 

— 

— 

— 

377 * 

— 

i . v.t 

— 


2 <J 

— 

— 

— 

470 

•— 

I.v. 

— 

Oestrone 

1 ? 

0-3 

1 , 000,000 

250 

26,000 

2-6 

I.V. 

47 




4,000 


663 

13-8 

S.C.J 



1 ? 

3*0 

10 , 000,000 

260 

313,000 

3*1 

I.V. 

62 




40,000 


6,000 

160 

s . c . 



1 ^ 

30 

10 , 000,000 

260 

260,000 

2-6 

I.V. 

46 




40,000 


6,800 

14*5 

s.o. 


Oestradiol 

1 ? 

30 

6 , 000,000 

60 

600,000 

8-3 

I.v. 

200 




120,000 


2,700 

21 

s.o. 


Diethyl- 

1 ? 

003 

76,000 

320 

4,000 

6-2 

I.v. 

110 

stilboestrol 



260 


33 

13*2 

s.c. 



1 ? 

0*3 

760,000 

320 

62,600 

8-3 

I.v. 

160 




2,600 


333 

13-2 

s.c. 



1 ? 

0-6 

1 , 600,000 

320 

60,000 

3-3 

I.v. 

200 




6,000 


260 

60 

s.o. 



1 (? 

0-6 

1 , 600,000 

320 

42,600 

2-8 

I.v. 

120 




6,000 


376 

7*6 

s.c. 



1 ? 

30 

7 , 600,000 

320 

426,000 

6-6 

I.v. 

260 




26,000 


2,000 

8-0 

s.o. 


a-Ethyl-/3- 

1 d ' 

60 

9 , 000,000 

1400 

68,000 

0-8 

I.v. 

380 

phenyl- 



6,600 


166 

2-6 

s.c. 



stilboestrol 

* 377 + 80 ( (r„). f Intra vaginal. % Subcutaneous. 


of human urine are known to do so [Emmens, 1939]. We may conclude, therefore, that 
the intravaginal assays give more correct figures for the content of active substances 
in such extracts — given that their chemical nature is knoAvn. By either technique the 
percentage excretion appears to be unaffected by the amount of material injected 
(Table 1, col. 7). 

Pro-oesirogens 

Table 2 lists the pro-oestrogens tested. They were those of Avhich sufficient material 
Avas available for relatively large-scale tests, and thus comprise in effect a random 
sample. The e.d. of a pro-oestrogen is unaffected, or practically so, b}'' the route of 
administration and the number of e.d.’s injected remains the same, Avhicliever method 
of assay is considered. Thus, the e.d.’s of the three compounds giving measurable 
excretion in the urine are, for the intravaginal and subcutaneous routes respectively: 
a-phenyl-stilboestrol, 10 and 15p.g. ; a-phenyl-j3:j8-di(p-hydroxyphenyl)-ethyIene, 
8 and 10/ig. (revised assays); 9:10-dihydroxy-9:10-dihydro-9:10-di-7^-propyl-l:2:5:6- 
dibenzanthracene, 18 and 20/zg. The mean of tliese determinations has been used in 
each case as measuring the e.d. 

In the amounts injected, the four substances heading the list in Table 2 did not 
increase urinary oestrogens. Tlie next three increased them up to lO-fold, a highly 
significant increase, as measured intravaginally, and more than 10-fold as measured 
subcutaneously. The additional activity AA^as, moreoA’^er, due to the presence of 
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Table 2. The. urinary excretion of oestrogens by guinea-pigs after 
the iniraperitoneal injection of pro-oestrogens in nut oil 






Amount 








recovered 



S/L 


Sex 


No. of 

in 

% 

Method 

ratio of 


of 

Amount 

effective 

effective 

Re- 

of 

urine 

Compound injected 

pig 

mg. 

doses 

doses 

covery 

assay 

extract 

Dihydroxy-di-a-naphthyl- 

o 

-r 

150 

600 

NU 

— 

I.V.^ 

— 

acenapbtbene 








Tripbenylethylene 


300 

1000 

NQ 


J.V. 

— 

a-(4-Hydroxyphenyl) -stilbene 

0 

12 

400 

NU 

— 

I.V. 

— 

p-Hydroxypropiopbenon© 


240 

6300 

18 

— 

s.c.f 

— 

pinacol 








a-Phenyl-BtilboestTol 

? 

12 

1000 

1200 

120 

I.V. 

— 


? 

60 

4800 

6500 

115 

I.V. 

— 





<600 

<11 

8.0, 

>11 


6 

60 

4800 

4000 

84 

I.V. 

17 





260 

6 

s.c. 


et-nhenyl- j3; J5-di(p -hydroxy- 

? 

60 

6500 
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oestrogens, with perhaps only a small amount of pro-oestrogens, since the S/L ratios 
of the urine extracts were in aU cases high, although not as high in general as those of 
the urine extracts listed in Table 1. Following the administration of a-phenyl- 
stilhoestrol, moreover, the total oestrogenic potency of the urine as measured 
intravaginally was somewhat in excess of that of the oestrogen injected. We cannot 
therefore suppose that the data here presented can be explained on any hypothesis 
involving the supposition that a-phenyl-stilboestrol is excreted unchanged, the more 
so since the period over which the urine was collected was probably too short to allow 
of complete excretion, nor can the method of extraction be guaranteed to have 100 % 
efficiency. 


Table 3. The urinary excretion of oestrogens after the injection of pro-oestrogens 
in guinea-pigs as shown by the response of mice with two vaginal sacs 
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In Table 3, confirmatory data as to the oestrogenic nature of the substances in the 
extracts are presented. Tlie response of mice witli two vaginae to a-phenyl-stilboestrol 
is contrasted witli that to the extract of the urine from animals receiving the com- 
pound, and its isomer, a"phenyl-^;^-di(;)-h3^droxyphenyI)-ethylene. Whereas the pro- 
oestrogen, as already reported [Emmens, 19426], causes reactions in both vaginal sacs 
when placed onlj^’ in the upjier vagina, it required 20 times the effective dose of the 
urinary extract to produce a few responses in the lower vaginae of a group of mice. 
This reaction is t 3 ^pical of an oestrogen but with probably a little pro-oestrogen 
mixed with it, since a pure oestrogen would normally fail to elicit responses in the 
lower vaginae at a level even of 20 e.d. 

DISCUSSION 

The excretion of oestrogenic material in guinea-pig urine is demonstrable when 
oestrogens are injected into the animal, and, within the small range of compounds 
used, the percentage excretion does not vary a lot from substance to substance or 
from dose to dose of the same substance (although a-ethyl-^-phenyl-stilboestrol gave 
rather low figures). The excretion following the administration of pro-oestrogens is 
much less predictable. 

However, when such excretion occurs, it is predominantly of an oestrogen, and may 
in some cases be entirely so. It is to be expected that some of the injected material 
will pass into the urine. Indeed, on the basis of the excretion of diethylstilboestrol 
and a-ethyl-^-plienyl-stilboestrol, it might reasonably be supposed that up to 10% 
of the closely allied a-phenyl-stilboestrol would be similarly excreted. The figures in 
Table 2 relevant to assays by the subcutaneous route suggest that this is what 
occurs, but when assays made by the intravaginal method are examined it is clear 
that only a fraction of the activity then found can be due to the passage of the injected 
material into the urine. Any pro-oestrogen passing unchanged into the urine will 
contribute the same number of e.d.’s to the oestrogenic titre of the extract, whether 
it is assayed by the subcutaneous or by the intravaginal route. The finding of a large 
excess of effective intravaginal doses as compared with effective subcutaneous doses 
means that an oestrogen is present. Thus, to take an example from Table 2, the urine 
of the male guinea-pig injected with a-phenyl-stilboestrol gave an extract containing 
250 effective subcutaneous doses, and 4000 effective intravaginal doses. On the 
assumption that the oestrogen concerned has, in urine extracts, an S/L ratio of 100, 
and that the S/L ratio of the pro-oestrogen remains unity, we find that the extract 
must contain approximately 210 e.d.’s of pro-oestrogen, however it is assayed, and 
38 effective subcutaneous doses of oestrogen, equivalent to 3800 effective intra- 
vaginal doses. By the intravaginal route one is, therefore, measuring practically only 
the content of oestrogen in the extract, not of pro-oestrogen. With the dibenzanthra- 
cene compound (Table 2) it is not necessary to suppose that any of the parent sub- 
stance passes into the urine unchanged, as the S/L ratio of 72 is high enough to be 
typical of a pure oestrogen. 

There is no obvious correlation between chemical structure and the behaviour 
of a pro-oestrogen in these tests. a-(4-Hydroxy-phenyl)-stiIbene, triphenylethylenc, 
2 )-hydroxypropiophenone pinacol, a-phenyl-stilboestrol and a-phenyl-iS:^-di(7>' 
hydroxypbenyl)-ethylene are related chemically, yet only the last two caused a rise 
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of urinary oestrogens. The dibenzanthracene compound, however, remote in structure 
from any known oestrogen, also caused a measurable rise, and the urine from the 
animal receiving it had the highest S/L ratio of the series. It has not been possible to 
test the properties of tri(2)-hy droxyphenyl)-ethylene. This compound, if it proved to be 
an oestrogen, would seem to be the most likely metabolite to be formed from these 
di-phenols, but there is no reason to suppose that it is an oestrogen ; from its structure 
it is quite probably a pro-oestrogen. It seems idle to speculate as to ^vhat substance 
may be formed from the dibenzanthracene compound, without chemical studies of the 
urine contents. 

The fact that no excretion of oestrogenic material occurs after the injection of some 
pro-oestrogens is, of course, further evidence against any supposition that their action 
can depend on the production of endogenous natural oestrogen. If this were so, a 
proportion of the endogenous oestrogen would, as in the case of oestrone and oestra- 
diol, be excreted in the urine. Thus, 5000 e.d.'s of p-hydroxypropiophenone pinacol 
must, on the endogenous oestrogen hypothesis, produce 5000 (subcutaneous, or the 
equivalent of subcutaneous) doses of, say, oestradiol. Of these, a detectable propor- 
tion would certainly pass into the urine. This argument applies even to the compounds 
producing a rise in urinary oestrogens, for the level of excretion, as measured intra- 
vaginallj^ although high relative to the mtravaginal potency of the injected com- 
pound, is .very low for subcutaneously equivalent amounts of oestrone or oestradiol. 
Thus, 4800 effective doses of a-phenyl-stilboestrol stimulated the excretion of 5500 
intravaginal doses of an oestrogen. The approximately equivalent 4000 subcutaneous 
doses of oestrone in Table 1 stimulated the excretion of 25,000 intravaginal doses. 

smvrMABY 

1. The S/L ratio of oestrogens in the urine of guinea-pigs injected with the oestro- 
gens oestrone, diethjlstilboestrol and a-ethyl-]3-phenyl-stilboestrol is high, but lower 
than that of the injected compounds. The fall in the ratio is probably due to the 
potentiation of the urinary oestrogens by other inert substances in the extracts, when 
assayed by subcutaneous injection in oily solution. The S/L ratio of the urine of an 
animal receiving oestradiol was higher than that of oestradiol, but lower than that of 
the probable excretion products, oestrone and oestriol. 

2. The S/L ratio of oestrogens in the urine of guinea-pigs injected with certain pro- 
oestrogens is also high, but in most cases still low'er than the ratios found after 
injection of oestrogens. The high ratio (17 to 72) shows that the excreted oestrogenic 
compounds are, in fact, true oestrogens, but its relative fall indicates that in some cases 
at least a certain amount of the injected material passes into the urine unchanged. 

TJie oestrogenic nature of the excreted products is further demonstrated by their 
behaviour in tests with mice possessing tw^o separate vaginal sacs, since injection into 
one sac of any but a high multiple of the effective dose did not affect the second sac. 

3. After the injection of other pro-oestrogens, no increase in urinary oestrogen was 

found, and this in itself is evidence that their activity is not due to stimulation of the 
production of endogenous natural oestrogens, for a detectable percent^tt^e of these 
w'ould be excreted. ° 

4. It has thus been possible to demonstrate that, w^hen an increase in the litre of 
unnary oestrogenic activity followed the injection of pro-oestrogens, this increase was 
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due predominantly or entirely to the presence of ocstrogcns. The hypothesis that 
pro-oestrogens are converted to ocstrogcns in the body has thus been verified. 

I am again indebted to Prof. E. C. Dodds, F.R.S. and' IVIr W. Lawson for the 
generous provision of most of the synthetic compounds used. 
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3N STAINING THE BASOPHIL CELLS OF THE HUMAN- 
HYPOPHYSIS WITH SPECIAL REFERENCE TO 
THE ABNORMAL BASOPHIL CELLS 
OF CUSHING’S SYNDROME 

By N. G. B. McLETCHIE, From the Department of Pathology, 

The University and Western Infirmary, Glasgow 

{Received 2 November 1942) 

PatVkologioal abnonnality in the basopMi cells o^ tbe human hypophysis in cases of 
Cushing^s syndrome may be very complex. A single basophil cell may show areas of 
normal granularity, areas of refractile hyaline cytoplasm (of Crooke), normal granules 
dispersed around vacuoles, conglomerations of small vacuoles outlined by delicate 
retractile cytoplasmic threads, one or more nuclei pressed out as a fine rind and 
scalloped by the vacuoles, and cytoplasmic processes extending out and embracing 
surrounding cells [McLetchie, 1944]. Though it may be that all this complexity is 
easily analysed in fresh material, this is not so in material 12—30 hr. post mortem^ 
with which I, and most morbid anatomists, have to deal. 

I have found that if a stain is specific for J3 (basophil) granules then the hyaline 
cytoplasm of Crooke will appear unstained. While under certain conditions many dyes 
(iron and chrome haematoxylins, acid fuchsin, aniline blue, methyl blue, crystal 
violet, ethyl violet) will stain J3 granules specifically, I have found it necessary in this 
study to demand that the method must permit not only of tinctorial differentiation 
of granules from hyaline material but also of differential nuclear staining. The methods 
described here give brilliant tinctorial distinctions between the components, nuclear, 
granular and cytoplasmic, of the abnormal basophil cells of Cushing’s syndrome. Acid 
fuchsin is used as the main vehicle of distinction for these elements, even when 
depicting the basophil cells finally in their traditional colouring with aniline blue. 
Methods have been introduced for clarity of differentiation to eliminate, alter, or 
reduce the affinity of the acidophil (a) granules for acid fuchsin. 

siaterials 

Nuclear staining uoith haemalum. Overstain with haemalum (Mayer’s or Harris’s), 
differentiate \vith acid alcohol. Any common haematoxylin nuclear stain may be used, 
but should be differentiated as p granules take up some nuclear stains. 

Acid fuchsin^ A 2% aqueous solution of acid fuchsin containing 1% of glacial 
acetic acid. 

Aniline blue. A 2 % aqueous solution of aniline blue (soluble blue, C.I. 706 or 707), 
containing 1 % of glacial acetic acid. 

Pyrrol blue. iVliere this blue is mentioned after aniline blue it refers to the use of 
t lis dye, in ^ % aqueous solution, as being preferable to aniline blue. Pyrrol blue 
(soluble blue, C.I. 710 — ^^ector) overla 3 ’s acid-fiichsin-stained granules at a slower 


324 N. G. B. MoLETCHIE 

rate than aniline blue. If pyrrol blue is not obtainable, a A % aqueous solution of 
aniline blue should be used. 

Alcoholic phos 2 '>ho(ungs(ic acid. 95% eth}^ alcohol, containing 2% of phospho- 
tungstic (or phosphoniolybdic) acid, Tlic slide should be rinsed in 95% ethyl alcohol 
before use. 

Strong differentiator. Phosphotungstic acid, 2 g. ; saturated solution of picric acid 
in 95% ethyl alcohol, 70 ml.; water, 30 ml. 

Weak differentiator. Phosphotungstic acid, 2 g.; saturated solution of picric acid in 
95% ethyl alcohol, 40 ml,; M^ater, CO ml. 

Picro-orange. A 0-2 % solution of orange G (C.I. 27) in 80 % etlijd alcoliol, saturated 
with picric acid [Lendrum & McFarlane, 1940], 

Crystal violet. A 0-5 % aqueous solution of crystal violet. 

Aniline oiljxylol. Aniline oil, 1 part; pure xylol, 4 parts. 

FIXATION 

The methods to be described work with all common Zenker and formalin fixatives. 
I have usually employed, and find preferable, the following methods. 

(1) Fix the whole gland in 10% formalin or Formol-Zenker (equal parts of 10% 
formalin and Zenker’s solution without acetic acid) for 1 hr. 

(2) Bisect in the horizontal plane, fix in Formol-Zenker for 5-6 hr. 

(3) Transfer gland to saturated aqueous solution of mercuric chloride for 48-72 hr. 
Dehydration is carried out in a butyl alcohol series [see Muir & Ritchie, 1937]; 

clearing in butyl alcohol/chloroform — chloroform series; embedding in paraffin for 
24 hr. If the gland proves to be of exceptional interest, the two blocks are bisected in 
the vertical plane and re-embedded; the smaller blocks are more suitable for cutting 
thin sections. If 10 % formalin is used alone, fixation should be continued for 72 hr. 
and the sections require mordanting in Muller’s fluid (24 hr.) followed by washing in 
tap water (10 min.). 

In my experience, basophil-cell hyalinization is so conspicuous in the h 3 "poph 3 ^sis 
from cases of Cushing’s syndrome that visual inspection of the hj^aline cj^toplasm and 
p granules, at various stages of differentiation in the staining methods, can be carried 
out with the low power of the microscope. 

STAINING METHODS 

Method I. A specific acid-fuchsin stain for ^ grannies, 
tviih differentiation of hyaline cytoplasm 

Principle 

If a section is mordanted in alcoholic phosphotungstic acid and subsequent!)^ 
stained with acid fuchsin, only the jS granules and stroma are stained. All other 
elements, including a granules and hyaline cytoplasm, remain uncoloured. On 
staining with aniline blue, the connective tissue and liyaline cytoplasm rapidly be- 
come blue. Thus, in the hyaline basophil cell a brilliant contrast is obtained between 
granules (red) and hyaline (blue) material, while inspection of these elements is made 
easy since the cytoplasm of acidophil and chromophobe cells appears practically 
unstained. 
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Technique 

(1) Mordant section in alcoholic phospho tungstic acid for 2—5 min. 

(2) Rinse briefly in tap water. 

(3) Stain in acid fuchsin, inspecting at intervals. In a short time (2-6 rain.) the ^ 
granules and stroma become bright red ; no other elements in the anterior pituitary 
are stained, apart from a faint red staining of the nuclei. In hyaline basophil cells the 
hyaline cytoplasm remains unstained and appears as clear refractile zones contrasting 
with the brightly stained granules. Stop staining vrith acid fuchsin when the P 
granules are bright red, but still as discrete as possible; rinse briefly in tap water. 
(Overstaining can be reduced by washing in tap water.) 

(4) Stain in aniline blue (pyrrol blue), inspecting at 1-rain, intervals. The stroma 
rapidly takes on blue, later (2-5 min.) the hyaline cytoplasm becomes stained a deep 
blue. Stop staining when maximum contrast is obtained between hyaline cytoplasm 
(blue) and p granules (red). 

(5) Rinse in 1 % aqueous acetic acid ; dehydrate rapidly and mount, 

Result 

Basophil cells: p granules, bright red; hyaline cytoplasm, blue; nuclei, faint red. 
Cytoplasm of the acidophil and chromophobe cells, very faint diffuse blue or red; 
acidophil-cell nuclei take on the aniline blue if the duration of the staining is sufficient 
(Plate 2, flg. 3). 

Modifications of method I 

Nuclear reinforcement. Sharp nuclear detail (dark brown) is obtained by staining 
with haemalum, with or without blueing. The nuclear staining is introduced before 
the' method described. 

Iodine. Iodine has a very powerful mordanting effect in increasing the acid-fuchsin 
specificity of p granules. It is used in the above method by mordanting the section 
in Gram’s iodine for 2-5 min. before mordanting in alcoholic phosphotungstic acid. 
The iodine coloration is rapidly removed from the section in the latter solution. 
Iodine cannot be used where deep nuclear staining is required. 

Notes 

If aniline blue staining is continued beyond the limits stated, the acid-fuchsin- 
stained p granules are eventually overlaid with aniline blue to become almost black; 
the granules of immature cells (feebly stained) are overlaid before the granules of 
mature cells. The tinctorial contrast between jS granules and hyaline cytoplasm in 
terms of blue can be increased, and staining of other elements eliminated, by subse- 
quent treatment with the weak differentiator. 


Method II. Differential staining of all the elements in the anterior pituitary with special 
reference to the pituitary gland of Cushing^ s syndrome 

This method is described because it allows depiction of the anterior pituitary in 
terms of IVIallory’s original method. It is essentially a modification of the Mallory 
technique. 
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Principles 

Picralion. Lendrum & McFarlane [1940] have shown tliat the introduction of an 
alcoholic solution of picric acid containing orange G would ensure a uniform yellow 
coloration of the red blood cells Avhen using Mallory’s stain, no matter what fixative 
was used. This solution also prevents the full staining of the acidophil cells \vith acid 
fuchsin. The degree of staining of the acidophil colls may be controlled by adjustment 
of the duration of immersion in picro-orange and acid fuchsin and of the intermediate 
washing in tap water (cf. Table 1). If it is desired to have the a granules stained red 


Staining procoduro (min.) 


Table 1 


Results 


Washing in 



Piero -orange 

tap water 

Acid fuchsin 

R.B.C. 

a granules 

p grnnuloa 

1 

2 

20 

10 

Yellow 

Red 

Rod 

2 

2 

7 

10 

Yellow 

Deep orango-red 

Red 

3 

2 

5 

10 

Yellow 

Light orange 

Red 

4 

10 

1 

C 

Yellow 

Yellow 

Red 


rather than orange in subsequent stages then it is only necessary to stain for a longer 
time in acid fuchsin; the picric acid is dissolved out of the cells into the staining solu- 
tion and further acid-fuchsin staining occurs. The practical advantages of picration 
are : the yellow coloration of the red blood cells ; facilitation of the control of subse- 
quent acid-fuchsin staining since the orange-red acidophil cells are easily differentiated 
from the deep red basophil cells ; the acidophil cells can be depicted orange or orange- 
red when acid-fuchsin staining is used for P granules. 

Differentiation. In sections stained with acid fuchsin all elements, including a and 
P granules, are stained and removal of the stain’ from the different elements by 
alcoholic phosphotungstic acid is insufficiently controllable to be of practical use. 
Decolorization of the stroma and hyaline cytoplasm may be obtained by using aqueous 
phosphomolybdic acid or better by using alcoholic phosphotungstic acid containing 
picric acid (strong differentiator). When Formol-Zenker/corrosive sublimate-fixed 
sections are stained with the standard acid fuchsin, subsequent washing in tap water 
decolorizes the j8 granules but not the a granules. If acid fuchsin containing 10% of 
acetic acid is used the conditions are reversed, the jS granules being strongly stained 
and the a granules only feebly; this may account for the action of the picro-orange 
described above since the latter solution is acid. Standard acid fuchsin containing 
1 % of acetic acid also shows little distinction between ^ granules and hj^aline 
cytoplasm, whereas the solution with the higher concentration of acetic acid only 
allows feeble staining of the hyaline material. This may explain the advantages 
of using acid-containing differentiators rather than aqueous phosphomolybdic acid 
solution, though the alcohol content of the weak and strong differentiators used here 
may be partly responsible for the better action (cf. method I, where mordanting with 
alcoholic phosphotungstic acid confined the acid-fuchsin staining to the granules). 

Cotin ter ~stai7iing. Two methods are available when jS granules are stained with acid 
fuchsin and stroma and hyaline cytoplasm decolorized; either subsequent aniline- 
blue staining is stopped when the stroma and hyaline cytoplasm are stained 
(method II a), or the aniline-blue staining is continued until the acid-fuclisin-stained 
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PLATE 1 



Fig, 1. A hyaline basophil cell with hyaline cj^toplasm stained blue (aniline blue) and p granules stained 
red (acid fuchsin) while the acidophil cells appear orange (acid fuchsin partially suppressed by picro- 
orange). 

There is v'acuolation of the juxta-nuclear granules in the hyaline cell, x 800. Modified Mallory, 
method II a. 



Fio. 2. Two hyaline basophil cells with p granules stained dark blue (acid fuchsin overlaid with aniline 
blue) and hyaline cytoplasm stained grey (excess aniline blue removed by weak differentiator) while the 
acidophil cells are stained red (acid fuchsin without suppression by picro-orange). 

The two small cells are chromophobe cells, x 800. Modified Mallory, method II b. 

All sections from cases of Cushing’s syndrome, 12-26 hours post mortem. 
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described it because it is only by going througli the stage of differentiation necessary 
in method II A that tlic fine distinction between p granules and hyaline cytoplasm can 
be obtained in method II n. I consider that a criterion of differentiation similar to 
that which I have described will be required at some stage of differentiation before any 
trichromic staining method will give good differentiation of tlie various elements in 
the abnormal basophil cells of Cushing’s syndrome. Method II b gives tlie tinctorial 
distinctions between granules and nuclei on wliich Severinghaus bases his chroino- 
phobe/chromophil pituitary cycles [Severinghaus, 1938]. In staining normal glands, 
I use the following criteria of differentiation: 

Stage (3), stop staining with acid fuchsin when p granules are as deeply stained as 
possible without allowing acid-fuchsin staining of the red blood corpuscles. 

Stage (4), differentiate for 1 min. 

Stage (7), differentiate until /S granules arc as discrete as possible. 

Method III. The modified Qravds stain for grannies of the anterior pituitary 
Principle 

When using Gram’s stain for bacteria, tlie basophil granules are strongl}’’ Gram- 
positive relative to all other structures in tlie anterior pituitaiy, 

Techniqtte 

(1) Section to water. 

(2) Stain witli ciystal violet, 5 min. 

(3) Mordant in 10% aqueous solution of sodium chloride, 10 min. 

(4) Mordant in Gram’s iodine, 10 min. 

(6) Rinse in water. 

(6) Blot dry. 

(7) Differentiate in aniline oil/xylol, rinsing in pure xylol and inspecting at inter- 
vals. All the elements except the j3 granules are rapidly decolorized (1-3 min.), leaving 
the /3 granules deep blue, almost black, as the only stained elements. The reaction is 
highly specific and it may be as long as 20 min. after the other elements are decolorized 
before excess crystal violet is removed sufficiently from the ^ granules for them to 
appear discrete. This latter decolorization, if too slow, should be hastened by using a 
greater proportion of aniline oil in the xylol or by breathing on the slide. Saline was 
introduced for Gram’s stain by Kirkpatrick [see Muir & Ritchie, 1937]. It is un- 
necessary to use saline in the staining of fresh glands, but I have found that its use 
makes the reaction more specific in older material. In fresh material (4-6 hr. post 
mortem) differentiation can also be carried out by acetone-xylol mixtures. Tlie Gram 
reaction is so highly specific that I have never failed to stain /S granules discretely in 
material up to 24 hr. post mortem. 

In this metliod, hyaline cytoplasm is very rapidly decolorized (1 min.) and stands 
out as granule-free refractile areas, contrasting vuth the heavily stained ^ granules. 
As a counterstain, I usually employ neutral red (10 min.), followed by cannaluni 
(10 min.). Counterstaining is introduced before the general method. With this method, 
hyaline cytoplasm is coloured reddish j^ellow, contrasting with the red nucleus and 
the almost black p granules, while all other granular elements in the anterior pituitary 
are only feebly stained Muth the counterstain. 
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HISTOLOGICAIi FINDINGS 

Apart from the easily obtained brilliant contrast which the specific acid-fuchsin stain 
and the modified Gram’s stain make between ^ granules and hyaline, I have found 
these methods of value in the study of immature cells. Anyone who studies adult 
human anterior pituitary glands from routine autopsy material must be struck with 
the great variation of tinctorial affinity and granular distribution in cells which are 
clearly neither mature chromophil nor chromophobe cells. Using any modified 
Mallory or eosin/methylene blue stain on post-mortem material, I have found that 
the granules of many of these immature cells can be made to take on characters of 
the granules of either the acidophil or basophil line. While this is largely due to the 
insurmountable difficulty of post-mortem change and, in any case, care should natu- 
rally be taken in making any deduction from the appearances, I believe that the 
specific acid-fuchsin stain for p granules and the modified Gram stain are so highly 
specific that any immature cell which shows, by these methods, some granules stained 
similarly to the granules of the mature basophil cells belongs to the basophil line. In 
addition, the staining of the granules with one dye alone obviates the complexity of 
having the granules stained by a combination of dyes which, as I have already pointed 
out, may obtain in modifications of the ^laUory method. 

Some authors have referred to Crooke’s hyaline change as a process of degranula- 
tion. In addition to having the very different staining properties from p granules, 
which we have described, the hyaline cytoplasm of Crooke is refractile, granule-free, 
and has a regular mode of distribution in the cell [Crooke, 1935]. The earliest lesion 
appears as a minute subperipheral zone a few granules below the surface [see McLetchie,* 
1944, Eig. 5]; thence hyaline material advances centripetaUy, leaving in more ad- 
vanced hyalinization two granular areas: one on that side of the eccentric nucleus 
having the most abundant cytoplasm, and another on the periphery of the cell. 
Ultimately, the cell may be completely hyalinized, though more commonly remnants 
of the peripheral granular rim persist. On the other hand, the term ‘ degranulation ’ has 
long been applied to a process in the basophil cells which is present to some extent in 
every human hypophysis. The basophil cells contain areas which are not entirely 
granule-free but have a sparser distribution of granules than the surrounding cyto- 
plasm. The granules in the area lie in a ground substance which is not refractile but 
has the almost imperceptible fine matt surface similar in appearance to the chromo- 
phobe cytoplasm in post-mortem material, and which has the indifferent staining 
properties of chromophobe cytoplasm as opposed to the brilliant coloration which 
hyaline cytoplasm can take on. Furthermore, these areas of degranulation have no 
systematic mode of distribution in the cell like that of hyaline cytoplasm, though they 
are, in my experience, found most commonly in a juxta -nuclear position, which is the 
opposite to that of the distribution of hyaline. It is obvious that basophil hyaliniza- 
tion should be clearly' distinguished from the physiological process of basophil-cell 
degranulation. Severinghaus [1938] has correlated the processes of degranulation in 
the chromophil cells of the normal hypophysis with nuclear clianges and, on the 
appearances, has based his theory of chromophil/chromophobe c^’cles. 

Large chromophobe cells are sometimes present in the anterior pituitary’ which, in 
fresh material, can be shown to be predestined basophil cells. These cells are large, of 
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indefinite outline, and send processes between surrounding cells. They have a large 
vesicular nucleus. They show no ^ granules with specific stains (methods I and III) 
for p granules. But, in method I, on introducing aniline blue and removing excess dye 
with the strong differentiator, they exhibit a delicate spongioplasm which stains with 
aniline blue at a stage when the acid-fuchsin-stained ^ granules are still unaffected by 
the blue and the acidophil and chromophobe cells are decolorized. Tin's same spongio- 
plasm may be seen in cells of slightly greater maturity in which a few granules are 
present whieh stain faintly with specific stains for ^ granules. Hence, I consider that 
this spongioplasm represents a stage preceding the development of ^ granules in im- 
mature basophil cells. In some cases I have recognized a process of agglutination and 
shrinkage of the spongioplasm so that it stains more intensely with aniline blue, and 
finally, when this process is complete, the nucleus becomes pyknotic and the cyto- 
plasm has usually numerous perforations. Though the cytoplasm will now stain a 
deep blue, it docs not give any of the specific reactions of basophil granules. We con- 
sider that this cell is the same as the ‘agglutinated’ basophil cell described and illu- 
strated by Crooke & Russel [1935], whicli is often prominent in the lij'^pophysis in 
Addison’s disease. Thus, we consider timt tlic ‘agglutinated’ basophil cell represents 
the end-product of a degeneration of the primitive basophil cell. Stages in the de- 
generation should not be confused with hyalinization, as the agglutinated spongio- 
plasm has never the refractile w^axy character of hyaline cytoplasm, is not associated 
with a regular mode of distribution in a cell which has ripe ^ granules, and is ulti- 
mately associated with nuclear pyknosis. 

I have not had the opportunity of fixing human hj^pophyses earlier than 4 lir. after 
death. Our material is usually obtained from 8 to 30 hr. posl moriem. It is well known 
that the staining of material fixed immediately after death may present a different 
problem from staining material fixed some hours later. Some observations I have 
made may be of benefit to those who wish to aj^ply these methods to very fresh 
material. The Gram’s stain shows increasing specificity with increasing freshness, and 
I consider that it should work with material fixed immediately after death. TJie pre- 
vention of acid-fuchsin staining of the acidophil cells by picration becomes more 
potent the fresher the material, and it is more marked Mutli chromate-containing 
fixatives than with those that do not contain chromate. Hence, when acid-fuclisin 
staining of acidophil cells is desired, as in method II, picration should be avoided in 
fresh material as it may take hours to get slight acid-fuchsin staining of acidophil 
cells even after short exposure to picro-orange. While the acid-fuchsin specificity of p 
granules after alcoholic phosphotungstic acid mordanting (method I) becomes more 
marked the fresher the material, in some cases subsequent aniline-blue staining pro- 
duces a very rapid overlaying of the acid-fuchsin-stained jS granules with blue; hence, 
in making observations on hyaline cytoplasm, a very dilute aniline blue will require 
to be used. 

SUJMMARY 

Two simple staining techniques are introduced for staining the ^ granules of the 
hypophysis specifically and 'for differentiating the hyaline cytoplasm of Crooke from 
jS granules. 

Modifications to obtain maximum contrast between ^ granules and hyaline cyto- 
plasm in the traditional Mallory picture of tlie hypophysis are described. 
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The differences between degranulation and hyalinization in the basophil cells of the 
hypophysis are described. 

I am indebted to Professor J. Shaw Dunn for advice and criticism. The strong and 
weak differentiators were suggested to me in February 1941 by my colleague, David 
McFarlane. With slight modifications they form the basis of the routine trichromic 
stain used in this Department (Piero -^lallory) [D. McFarlane, unpublished]. Grateful 
acknowledgement is made to the Rankin ^ledical Research Fund, Glasgow University, 
for a grant to defray expenses, to Sir Kirkpatrick and Mr Stamp for photomicro- 
graphy, and especially would I like to thank Dr A. C. Lendrum for early instruction 
in histological technique and in the preparation of coloured illustrations. 
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Since Cushing [1932] described the syndrome of pituitary basophilism (Cusliing’s 
syndrome) many cases of the condition have been published. The syndrome is charac- 
terized by an obesity sparing the limbs, by marked hypertension, glycosuria and 
hyperglycaemia, osteoporosis, characteristic cutaneous striae, polycythaemia, ame- 
norrhoea and hypertrichosis in the female, impotence in the male, asthenia and 
diminished resistance to infection [Cohen & Bible, J93G]. Pathological findings in the 
condition have been very varied in cases which have been clinically indistinguishable 
(see Crooke’s [1935] series). By 1936 the following abnormalities had been described: 
basophil adenoma and basophilia (relative increase of pituitary basophil cells); 
adreno-cortical hyperplasia, adenoma, carcinoma; and thymic carcinoma associated 
with adreno -cortical hyperplasia. In a few cases neither adreno-cortical, thymic, nor 
anterior pituitary tumours were recorded [Oppenheimer, Globus, Silver & Shaskin, 
1935; Freyberg, Barker, Newburgh & Coller, 1936; Crooke, 1935; Cohen & Bible, 
1936]. 

It seemed remarkable that such diverse pathological findings should be associated 
with one clinical condition until Crooke [1935] found an abnormality common to all. 
Crooke investigated the pituitaries of a series of twelve (now fifty — ^personal com- 
munication) cases of Cushing’s syndrome, many of which had been reported else- 
where. The series contained examples of all lesions then known to be associated with 
the syndrome. In every case he found a conspicuous degree of hyalinization of the 
cytoplasm of the basophil cells of the anterior pituitary ; this change was found in 
only a very few cases (9) of a large non-basophilism series (350), and there only in a 
partial form in a very few cells ; in these latter cases it was not constantly associated 
with any condition. Crooke concluded that basophil-cell liyahnization was the ab- 
normality of fundamental significance in Cushing’s syndrome. Since then a specific 
nuclear abnormality associated with hyalinization of the basophil cells has been 
described [Severinghaus, 1938]. 

In one of three hypophyses from cases of basophilism which I have examined, 
another complex basophil abnormality in addition to basophil-cell hyalinization is 
present. The abnormaUty appears to be the same as that described by Severinghaus, 
but I place an entirely different interpretation on the appearances. Furthermore, the 
complex basophil abnormality present has an important bearing on recent experi- 
mental work. It is therefore my purpose in this communication to describe the hypo- 
physis of this case in detail. For control purposes a series of hypophyses from condi- 
tions other than basophilism has been examined. 
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BESCBIPnOK OF CASE 

History, The patient, an unmarried male aged 32, 'was admitted to the surgical wards of 
Jlr J. S. Buchanan, Western Infirmary, Glasgow, with cellulitis and abscess formation of the 
left foot caused by slight trauma. The patient had not felt well for the past three years; he 
had noticed his hair becoming grey and obesity developing over the past two j^ears; he had 
been worried by a feeling of ‘ uselessness ' and lack of libido for the past eighteen months ; 
for the past year he found that he only had to shave once every three days instead of ever3" 
day, as previously. There was a clinical history of diabetes mellitus for the past twelve 
months. Before all this he had been a normal healthy subject. 

On admission the patient was grey-haired and of florid complexion. He was of average 
stature but was very stout, showing especially facial and abdominal obesity. A few bluish 
striae were present on the abdomen. Gtycosuria, polyuria, acetonuria and polydipsia were 
present. There was hypertension (b.p. 170/100). The heart was enlarged; the subcutaneous 
and retinal vessels showed arteriosclerotic changes. The blood picture gave b.b.C. 5*1 
million, w.b.c. 7400 and Hb 90 %. Bone changes were not obvious but the patient was too 
ill for extensive investigation. The Wassennann reaction was negative. Radiography of the 
sella turcica showed no abnormality. The condition was diagnosed as Cushing's sjmdrome. 

The patient’s condition deteriorated both locally and generally, despite control of the 
glycosuria by insulin and repeated drainage of the septic area. Ultimately^ attacks of blind- 
ness, giddiness and mental upset became frequent, and the patient died in coma six weeks 
after admission. Post-mortem examination was carried out by Professor J. Shaw Dunn 26 hr. 
later. 

Summary of post-mortem findings : Marked hypertrophy of left ventricle, arteriosclerosis 
and bronchopneumonia. Endocrine glands: pancreas embedded in fat but showing a con- 
siderable amount of natural-looking tissue; adrenals (12 g.) not enlarged; thyroid not 
enlarged, no abnormality; testes small but of normal appearance; pituitary gland of normal 
size; no thymic tissue foimd in the mediastinum. Only the pituitary gland was taken for 
histological examination. The paraffin blocks of the gland were given to me by Dr J. E, Craik. 

HISTOLOGIC Ali EXA5IIXATIOZ?' 

The pituitary gland had been divided into four parts by cuts parallel to the sagittal 
plane and fixed in Formol-Zenker/corrosive sublimate. The posterior lobe was deficient 
in the blocks, only a narrow rim of tissue being left adherent to the anterior lobe. 

Anterior pituitary. The anterior pituitary presents a normal architecture, and the 
relative proportion of cells appears to be within normal limits with differential 
staining. Rasmussen [1929, 1933] has given methods of differential counting of the 
cells of the anterior pituitary, and has set normal variations. The method is strictly 
applicable only to horizontal sections of the gland. Therefore a Rasmussen count 
cannot be accurately copied in this case. Counting 17,000 cells by the method that 
Rasmussen defines, but using vertical sections stained by a modified Mallory method, 
the following results have been obtained: basophil cells, 10 7o; acidophil cells, 38%; 
chromophobe cells, 51 %. These figures are well within Rasmussen’s normal limits, and 
this was the impression gained on comparison of the sections with sections from 120 
other human pituitary glands. 

The basophil cells. The basophil cells show three abnormalities : hy^alinization, ex- 
cessive vacuolation, and an increase in size. Only one to two normal granular baso- 
phil cells were seen in most of the sections (80) examined. 

Basophil-cdl^ hyalinizatxon. As Crooke described, the progressive development of 
yabnization, in the cells imcomplicated by excessive vacuolation, is seen to follow 
an invariable rule when it encroaches upon the granular cytoplasm. Beginning as a 
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narrow complete, or almost complete, zone situated peripherally, the hyaline change 
advances towards the nucleus. In most cells showing advanced hyalinization, 
granular cytoplasm persists in two areas, one in contact witli the nucleus on that side 
of the nucleus which has the itiost abundant cytoplasm (juxta-nu clear granulation), 
and another on the periphery of the cell. When eventually the juxta -nuclear granula- 
tion is hyalinized the poriplicral granulation is often still partially persistent (see 
McLetchie [1944] for illustrations). All stages from a narrow subperipheral hyaline 
zone to complete hyalinization are present. About 5 % of the basophil cells are com- 
pletely h 3 ^aline (Plate 1, fig. 1; Plate 2, fig. G), Cells mth a narrow complete sub- 
peripheral hyaline zone are particularly numerous; this type does not appear to have 
been observed by Crooke (Plate 2, fig. 5). 

Facuolal707i in the basophil cells. About one-fifth of the partially hyaline basophil 
cells show no vacuolation of the remaining granular cytoplasm. The rest show varying 
degrees of vacuolation of the granular cytoplasm and' in most it is completely vacuo- 
lated. Excessive vacuolation in the individual cells is not represented by a large single 
vacuole but is always of multifocal origin; being represented by a conglomeration of 
small vacuoles. These may be outlined by a layer of normal ripe granules (inter- 
granular vacuolation) (Plate 2, fig. 4 and fig. 6), but in many the outlining granules 
have become scanty and are small and feebly stained. Refractile cytoplasmic threads 
are then revealed outlining the vacuoles, and to this appearance we give the name 
‘ cobweb vacuolation \ This cobweb vacuolation develops in any area of the cell but is 
most common in the juxta-nuclear area. Cobweb vacuoles often indent and compress 
the nucleus, wliich may eventually be flattened out against the periphery of the cell. 
Depending on the plane of section many configurations are produced (Plate 2, fig. 6 
and Plates 3 and 4). Where cobweb vacuolation abuts on hyaline cytoplasm the threads 
outlining the vacuoles appear continuous with the hyaline cytoplasm. A few very 
large (36 )a) non-hyaline cells are present. 

Intrahyaline vacuoles are present in many of the cells with advanced hyalinization 
(Plate 1, fig. 1 and Plate 3). Cobweb vacuolation is also conspicuous in non-hyalinized 
cells; stages in its development are sIlo^vn in Plate 2, fig, 6. 

The amount of basophil-cell vacuolation is much greater than in any of the glands 
of the control series both as regards the proportion of vacuolated cells and the degree 
of vacuolation in the individual cells. 

The nuclei of the basophil cells. In hyaline basophil cells uncomplicated by excessive 
vacuolation, the nuclei appear normal except for a few of the completely hyalinized 
cells in which the nucleus is h 5 ^erchromatic and slightly distorted. The hyaline cyto- 
plasm of the latter cells stains very deeply. The nucleus may be normal in appearance 
in cells with excessive cobweb vacuolation, but in the majority it is peripheral and 
compressed and scalloped by the vacuoles. Despite the remarkable degree to which 
scalloping of the nucleus may proceed in association with cobweb vacuolation, it is 
indeed remarkable that we have not seen a single example of nuclear pyknosis. In 
connexion with the assessment of nuclear pyknosis in the normal anterior pituitary, 
basophil nuclei vary greatly in chromatin content, some being of dense structure and 
highly fuchsinophil, and only slight detail is made out with well-differentiated staining 
and high-power observation. When the latter type of nucleus is compressed and 
scalloped little nuclear detail is discernible (Plate 3). The nucleoli of some of the nuclei 
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PLATE 1 



Fio. 1. Two hyaline basophil cells, the upper completely hyaline with some intra-hyaline vacuoles, the 
lower with persisting granulations especially in the juxta -nuclear zone. 



Fig. 2, A hyaline basophil cell with a single vacuole in the persisting granulation. 



Fig. 3. A largo hyaline basophil cell ‘cupping* three immature cells; two appear embraced by lateral 
pscutlopodia, the third appears surrounded by the cytoplasm of the parent celL Note the small size of 
the surrounding acidophil cells (orange). 

All figures y. 800, with coloured drawings. Modified Mallory [method II a; ilcLetehie, 1944]. 
Basophil granules, red; hyaline cytoplasm, blue. 

BASOPJUL'CELI. ^YAI.^tIZATIO^* UN'COSCPUCATED BY EXCESSIVE VACCOLATIO?» 



PLATE 2 
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Fig, 4. A bnsophil coll witli ponplioral liynlino zone and tlio remainder of the cell taken up by gross 

intergranular vacUolation. 



Fig. 5. The dovelopmont of cobweb vaciiolation: Ay normal basophil coll; R, vacuolation developing m 
3 main foci, the nucleus is peripheral; C, a fully developed cobweb area; D, a mimito peripheral hyaline 
zone is present. TJio two small colls aro acidophil colls. 



Fig, G. Scalloping of the nucleus by cobweb vacuoles in a partially hyaline coll; two completely hyaline 

cells on right. 


All figures x 800, with drawings of enlargements. Modified ^lallory [method II A; McLotchio, 1944j. 
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Companj control (X) showing normal granular basophil cells Vidth other figures showing abnormal 
basophil cells with hyalinization, cobweb vacuolation and nuclear scalloping, x 1000. Modified Mallory 
[method IIb: McLetchie, 1944]. 
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Diagrammatic illustration of complex basopliil-coll abnormalities. 

Q, normal granularity; hyaline cytoplasm; C.F. cobwob vacuolation; (?.F. intergranular vncuolntion; 
N, nucleus. Cells X and Y are binuclcate. Y represents a tangential section of a large cell similar to A ; 
note all that is seen of the nuclei in Y, 
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of vacuolated cells appear unusually large. ]\Iany binucleate and trinucleate cells are 
present (4-6 in everj’’ section examined). No mitotic figures were found. 

Many peculiar dispositions of hyaline, vacuoles, normal granularity and nucleus in 
the basophil cells give the impression that constant alteration in the morbid process is 
occurring. 

The acidophil cells show normal granularity. 

Size of cliroTnophil cells. With regard to the size of the cells, there is a striking 
abnormality present. In every field examined the diameter of the acidophil cells has 
been only a half to a third the diameter of the basophil cells; frequently the dis- 
proportion has even been greater, while only in a few fields was an acidophil cell foxmd 
as large as the smallest basophil cell (Plate 1, fig. 3). 

In the glands of subjects, aged 20-40, in the control series, acidophil cells vary from 
6 to 24(1, basophil cells firom 8 to 20 /x, in diameter. Acidophil cells show great variation 
in size; the basophil cells are much more constant, the vast majority being 14— 16ft 
in diameter. Occasionally a giant chromophil ceU is seen. In no case has any dispro- 
portion in the basophil/acidophil ratio been found approaching the conditions in the 
present case. Here less than 1% of the acidophil cells are over 12ft; 0*2% have 
diameters over 16ft; many are less than 8ft. The majority of the basophil cells are 
18-22ft in diameter, and about 4% are giant forms of 28-36fi; many of these forms 
show the phenomenon of cupping (Plate 1, fig. 3; see Severinghaus [1938] for ex- 
planation). The table shows the results obtained on measuring, with the eyepiece 
micrometer, approximately 1000 acidophil, and 1000 basophil, cells from the present 
case and, as a control, from sections of the hypophysis of a normal adult male, age 34. 
Both case and control appeared to have the same degree of post-mortem change and 
shrinkage. 

Diameter of chromophil cells (p) 

, , 

Over 20 20-16 15-12 12-8 <8 

Percentage of basophil cells present in various groups 
Case of Cxishing^s syndrome 27 30 42 3 0 

Control 7 29 52 12 0 

Percentage of acidophil cells present in variotis groups 
Case of Cushing’s syndrome 0 0-2 0-7 78 21 

Control 3 19 27 47. 3 

Large series of cells were grouped according to various size ranges corresponding to 
fixed divisions of the eyepiece micrometer, and measurement was also carried out by 
projecting the cells on cardboard screens and cutting out and weighing the images. 
The results were compared vnth. glands from normal adults. Every method of 
measurement showed : (1) a greater preponderance of basophil cells of larger type than 
normal; (2) a constant abnormality of the acidophil cells, in that the^^ were all of 
small type.. The chromophobe cells are all of the small type found in the normal adult. 
No adenoma has been found on serial section. 

The posterior lobe. Observation is limited to a rind of tissue attached to the anterior 
lobe. The wandering cells are plentiful and of normal type. A few show intermediate 
stages of hyalinization and vacuolation. The pars intermedia is small and presents no 
abnormality. 
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Stmmary of anterior 2 ^i(ailari/ findings. 

(1) A conspicuous degree of basophil-ccll hyalinization. 

(2) Excessive basopliil-cell vacuolation, wiili development of the cobweb and 
scalloping of the nucleus. 

(3) Enlargement of basophil cells. 

(4) Great decrease in size of acidophil cells. 

(6) Relative i^roportion of cells within normal limits. 

(G) No adenoma present. 

THE CONTUOL SERIES 

Six to twelve sections from dilTerent levels of each gland of a control series of 120 
hypophyses were examined by the methods previously described [McLetchie, 1944]. 
The glands were taken from routine autopsies on adult subjects mainly from medical 
wards. The sections were specially examined with regard to hyalinization and 
vacuolation. 

Basophil-cell hyalinization. Hyalinization was found to a slight degree in a few 
(1-3) basophil cells in sections from five different glands. The finding was not con- 
stantly associated with anj’' condition. Basophil-cell hyalinization was not found in 
any of the cases of the series with endocrine abnormality, in many of which the 
anterior pituitary was abnormal: thyrotoxicosis (3), almost complete ablation of the 
thyroid by amyloidosis (1), myxoedema (1), islet-cell tumour of the pancreas 'with 
hypoglycaemia (1), diabetes mellitus (7), adreno-cortical hyperplasia in a case of 
hypertension (1), Addison’s disease (2), thymic tumour associated vdth mj^asthenia 
gravis (1); two cases of haemochromatosis with marked haemosiderin deposits in the 
cells of the anterior pituitary. A large number of sections from these cases were 
examined. 

Basophil-cell vacuolation. The observation of cytoplasmic threads outlining baso- 
phil-cell vacuoles does not appear to have been previously described. Since it is so 
conspicuous a feature in the case it might be questioned if this was a special type of 
vacuolation only associated vdth the process of hyalinization. 

Vacuolation of the basophil cells is present in all the glands of the control series in 
very varying degree. It is generally more conspicuous in elderly subjects. The 
vacuolation is mainly of intergranular type, i.e. the vacuoles are outlined by a rim of 
granules and no enveloping cytoplasmic membrane (refractile thread, in section) is 
visible, and this obtains even when the vacuolation in individual cells is multifocal. 
Bearing no relation to the degree of vacuolation in the whole gland or in the individual 
cells cobweb vacuolation is present in a considerable number of the control series but 
in very slight degree and in very few cells. It is represented by a few contiguous 
vacuoles with partial disappearance of surrounding granules and appearance of the 
cytoplasmic thread. Occasionally, when juxta-nuclear, the cobweb vacuoles scallop 
the nucleus. The cobweb vacuolation is not associated with hyalinization and its 
occurrence in the individual cases cannot be attributed to any common factor. The 
greatest degrees of vacuolation are present in elderly subjects. Severinghaus [1938] 
has already recorded this and considers that it is a reaction to hypogonadism (senile 
castration). In none of the elderly subjects in the control series is the basophil 
vacuolation nearly as marked as it was in the case of basophilism. Inquiry into the 
contents of the basophil vacuoles has not been made. Biggart [1934], using frozen 
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sections, found basophil vacuoles to cont-ain an unstainable substance and small 
quantities of fat, 

FURTHER CASES OF BASOPHILISM 

In addition to the present case I have found a conspicuous degree of hyalinization of 
the basophil cells in two other cases of basophihsm. One was associated with a large 
adenoma of ripe basophil cells (5x6 mm.). The cells of the adenoma showed normal 
granularity without hyalinization; one-third of the basophil cells of the surviving 
gland showed varying degrees of hyalinization, but mainly minute subperipheral rims. 
The other case was associated with an adreno -cortical carcinoma. Basophil-cell 
hyalinization was very marked. There was no abnormality in the size of the chromo- 
phil cells in either case, the degree of basophil-cell vacuolation was well within normal 
limits and there was no development of cobweb vacuolation. The basophil-ceU nuclei 
appeared normal and no nuclear scalloping was found. 

DISCUSSION 

I intend to attempt first to evaluate the various hypophyseal abnormalities found in 
the case as far as possible in the light of what is knoum of pathological reactions in the 
human hypophysis, and secondly to discuss the findings in relation to allied experi- 
mental work. 

The pathological findings in this case of Cushing’s syndrome are nnusual in that 
there is neither hypophyseal, adreno-cortical nor thymic tumour, nor adrenal hyper- 
plasia. Such a pathological type of basophilism is rare but not unknown [Oppen- 
heimer etal. 1935 ; Freyberg etal. 1936 ; Ulrich, 1936]. Nevertheless, the hypophysis is 
highly abnormal. In addition to a conspicuous degree of basophil-ceU hyalinization, 
the hypophysis shows: basophil-cell enlargement; excessive basophil-cell vacuolation, 
associated with degranulation and the appearance of cytoplasmic envelopes round 
the vacuoles, which displace, compress and scaUop the nucleus ; and marked decrease 
in the size of the acidophil cells. 

There is no true indication in the literature of basophilism as to the incidence of the 
latter abnormalities, owing to the cursory examination and scanty description of the 
anterior pituitary in many cases. 

The excessive basophil-cell vacuolation 

Basophil-cell vacuolation is associated with disappearance of p granules, and I 
consider that the appearances in this case and the control series indicate that cobweb 
vacuolation is merely an intensification of the usual process where, with increased dis- 
appearance of surrounding granules, there is revealed a refractile cytoplasmic envelope 
(thread in section) surrounding the vacuoles. I consider that it is probable that in 
‘intergranular’ vacuolation the envelope is also present but is masked by the sur- 
rounding granules. 

It appears unlikel^’^ that the excessive disappearance of p granules associated m'th 
the excessive vacuolation and cobweb development can be attributed to the hyaline 
cytoplasm in the cells complicating the normal process of vacuolation, in that the 
process is also extreme in non-hyaline basophil cells in the same gland and is present 
in the control series unassociated vith hyalinization or vith any other obvious 
abnormal factor. 
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Thougli I am convinced tliai cobweb vacuolation is merely a further development 
of ordinal^ intergranular vacuolation and is therefore cytoplasmic and not nuclear, 
Severinghaus [1938], Rasmussen [193G] and Graef, Bunim & Rottino [1936] have in- 
terj)rctcd what appear to me to be similar appearances in hyaline basophil cells in 
Cushing’s syndrome as nuclear ‘blisters’. 

Severinghaus [1938], commenting on Crooke’s findings, states (p. 84) that on ex- 
amining sections from a ease (Graef ’s) of Cushing’s syndrome in 1934, ‘I reported 
similar changes, which I characterized as a general degranulation of the basophils of 
the h 3 ^pophysis. . . .Nuclear cliangcs in these basophils were to me, however, more 
striking than the cj^toplasmic. Ver^^ few cells had nuclei. In most cases thej’^ were 
extremelj^ lobulated, frequently with vesicular bulges, not unlike thin-walled blisters 
which occupied most of the volume of the cell. Decplj" shrunken, elongated, pyknotic 
nuclei were numerous.’ Tlierefore Severinghaus clearly interpreted the vacuoles as 
nuclear structures. In the diagrammatic illustrations provided the artist has been 
tardy to follow' the witten descriptions and at the most has drawm the vacuoles as 
herniations of the nucleus, the nuclear membrane being drawm mainly intact. 

Rasmussen reported that in the anterior pituitaries of three cases of Cushing’s 
syndrome, in addition to basophil-cell h3mlinization, ‘the nuclei of these abnormal 
cells ma 3 ^ be enlarged and lobulated as if ballooned out in several places. These nuclear 
changes have been stressed by Severinghaus. . . .The nuclei of some of these cells may 
appear essentially normal.’ 

Graef et aL state that the nuclear blisters, ‘exhibited no chromatism Anth any of the 
stains emplo 3 ^ed ’. 

Cobweb vacuolation can be easily made to simulate nuclear ‘blistering’. With the 
staining methods used [McLetchie, 1944] nuclear and cytoplasmic structures have 
alwa 3 ^s been brilliantly differentiated. The process of cobw'eb vacuoles compressing 
the nucleus is obvious when the plane of section passes through the long axis of the 
crescentic scalloped nucleus, but when the plane is tangential only a small area of 
indented nucleus is present. In many staining methods advocated for the anterior 
pituitary, the nucleus, granules and hyaline cytoplasm of the basophil cells appear as 
sUghtly different shades of blue. The lightly stained cytoplasmic threads of the 
vacuoles appear, with these stains, as continuations of the nuclear chromatin threads. 
Cobweb vacuolation is then easily mistaken for a continuation of nuclear structure. 

I have always found that persisting granules studding the threads Avhich outline 
the vesicles give the reactions of cytoplasmic and not nuclear material, and I am of the 
opinion that the appearances are completely explained as a result of compression and 
scalloping of the nucleus by the cobAveb vacuoles. 

Diminution in size of the acidophil cells in basophilism has only been recorded once 
before, as far as I can ascertain — in the Rabbe-Krause case of Cushing’s original series 
[Cushing, 1932]. The decrease in size Avas not so marked as in the present case. 

The significance of the abnormalities of size and vacnolaiion of the chromophil cells 

It cannot be held that these abnormalities of size and vacuolation present in the 
chromophil cells of the hypophysis represent a congenital anomaly of the hypophysis, 
in that the subject Avas a normal healthy virile male until three years before death and 
AA'as of normal stature. Furthermore, these abnormalities must have only some 
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secondary significance in relation to the morbid process of basophilism, in that they 
are inconstant findings in basophilism (I did not find them in the two other cases of 
basophilism mentioned) ; and they are not associated with any particular pathological 
type, since similar vacuolation was found in GraePs case of adreno-cortical carcinoma, 
and decrease in size of acidophil cells occurred in the Rabbe-Krause case of basophil 
adenoma. 

Castration during active sexual life is the only condition which is known to produce 
in the human hypophysis a degree of basophil-cell vacuolation similar to that found in 
the present case [Biggart, 1934]. In the castrated rat, in addition to excessive basophil- 
cell vacuolation, the basophil cells increase in number and size, while the acidophil cells 
decrease in number and size [Severinghaus, 1938]. In the hypophysis of the castrated 
human, of which few critical examinations have been made, only excessive basophil- 
cell vacuolation and perhaps basophil-ceU increase have been reported [Biggart, 1934]. 
There is no detailed account of the type of vacuolation, though Rasmussen [1938] 
depicts it as a single large vacuole taking up the bulk of the cell. I have reason to 
believe that this is by no means always the case, in that in the virtually castrate 
state of senility, as seen in the aged subjects of the control series, any excessive 
basophil-ceU vacuolation is not represented in this form in the large number which we 
have examined, but is represented by a conglomeration of small vacuoles in the baso- 
phil cells specially affected. 

The castrate state and Cushing’s syndrome have much in common clinically, while 
gonadal atrophy and fibrosis are frequently present in Cushing’s syndrome [Cushing, 
1932], Unfortunately, no microscopic examination of the testes of my case was made. 

I consider that the increase in size and excessive vacuolation of the basophil cells 
and the decrease in size of the acidophil cells are likely to be correlated with the 
findings in the castrated rat and are to be interpreted as representing a phase of 
hypophyseal reaction secondary to hypogonadism — and I think that this explanation 
probably also applies to similar changes produced in the Brassica response, which is 
referred to later, and of which hypogonadism is a feature. Why these changes should 
be inconstant in basophilism is unknown, but not incompatible with our knowledge 
of the anterior pituitary, in which change, even in morbid processes, is probably 
constantly occurring. An example of this is the finding by Severinghaus of a high 
basophil-cell count in the h5rpophysis from a case of Addison’s disease as opposed to 
the constant finding by others of great basophil-cell decrease in this condition. The 
unusual finding is interpreted as a consequence of death occurring during a phase of 
basophil-cell regeneration, which must be rare in this condition [Severinghaus, 1938]. 

There is possibly another factor concerned with the increase of size of the basophil 
cells; while many of the very large ones show gross vacuolation, others, unassociated 
with vacuolation, show an advanced degree of hyalinization. The latter cells have 
frequently two or more nuclei, and we consider that their enlargement is probably 
more correctly to be interpreted as a manifestation of functional hypertrophy as 
distinct from the enlargement associated with gross vacuolation. 

The hyaUnizaiion of the basophil cells 

While the abnormalities of chromophil-cell size and vacuolation must he considered 
as secondary changes bearing a very general interpretation to the morbid process of 
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Cushing’s syndrome, tliis cannot bo said of the conspicuous degree of basophil-cell 
hyalinization which is present. 

Crookc considers that hyalinization of the basophil cells is an indication of altered 
physiological activity, as opposed to a stage of cell death, since the basophil-cell 
nuclei are entirely normal, Severinghaus [1938] contends that it is a stage to cell 
death since he found nuclear breakdown (blistering) associated with hyalinization. 
My interpretation of the nuclear appearances favour Crooke’s view as to the essential 
nature of the lesion. Moreover, it is apparent from the examination of the other two 
cases of basophilism that basophil-cell abnormality additional to hyalinization is 
inconstant. 

The presence of basophil-cell hyalinization has never been denied in any case of 
Cushing’s syndrome reported since Crooke’s original communication, except in one 
instance — a case described by Pons & Pappenheimer [1937]. I do not consider that 
it is clinically a case of basophilism and, moreover, only one-half of the gland was 
examined and basophil cells were scantj^ in that half. Basophil-cell lij’^alinization has 
been found in two cases of basophilism associated with unique pituitary lesions, not 
included in Crooke’s original series — a metastasizing basophil carcinoma [Cohen & 
Bible, 1937], a large chromophobe adenoma [Fuller & Russell, 1936], I now add this 
tliird type — a conspicuous degree of hyalinization of the basophil cells in a case of 
basophilism without tumour. Rasmussen [1938] has already made very brief reference 
to basophil-cell hyalinization in such a type. 

These findings contrast with the inconstant and exceptional finding of a few hyaline 
basophil cells in conditions other than Cushing’s syndrome [Crooke, 1935; Rasmussen, 
1936; my control series], and especially with the absence of basophil-cell hyalinization 
in all cases of endocrine abnormality in the control cases. All these substantiate 
Crooke’s hypothesis that the abnormal activity of the basophil cells, of which hyali- 
nization is the morbid manifestation, is the essential abnormality of Cushing’s 
syndrome. Special weight is added to this view by the present case in which no 
tumour or hyperplasia of the basophil cells of tlie liypophysis, the adrenal cortex or 
of the thymus is present, and in wliich the peculiar nuclear appearances in many 
basophil cells are accounted for by the effects of vaciiolation in the cells. Certain 
other considerations to be discussed later may modify this view of the significance of 
hyalinization. 

The interi'elationship of (he different pathological types of Cushing^ s syndrome 

Many writers have taken definite views either that basophilism is essentially a 
hyper-adreno -cortical or a hyper-basophil condition [see Pardee, 1938]. While neither 
view is justified on morbid anatomical grounds when all the pathological types are 
considered, attention must be drawn to the correlation existing between many of the 
pathological types of basophilism in addition to the common bond of basophil-cell 
hyalinization. Thus, it is the rule rather than the exception to find adreno-cortical 
hyperplasia associated with basophil adenoma [Freyberg et al, 1936]; and again m 
some cases of adreno-cortical tumour, basophilia, that is a relative increase in the 
basophil cells, is present [Lescher & Robb-Smith, 1936; McLetchie & Scott, 1944]. 
In McLetchie & Scott’s case basophil cells are actively developing from the ‘ducts 
of the pars intermedia in contrast to the other cases of basophilism which I have 
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examined and the glands of the control series, in none of which is such active basophii- 
cell increase evident. 

The above findings suggest that hypersecretory processes of the basophil cells and 
the adrenal cortex are complementary, the one producing the other.* Since an organ 
need not necessarily enlarge vdth hyperactivity, I consider that in those cases of 
basophil adenoma and adreno -cortical tumour in which there is not enlargement of 
the Complementary organ (adreno -cortical hyperplasia, basophilia) either hyper- 
activity of the complementary organ is present but is not expressed in enlargement 
or the organ was not in a phase of hyperactivity at the time of death, but was so 
earlier. 

In Addison's disease, destruction of the adrenal cortex is accompanied by great 
decrease in the number of basophil cells of the hypophysis [Crooke & Russel, 1935]. 
These facts suggest that the basophil cells and the adrenal cortex constitute a func- 
tional complex. Cushing’s syndrome is in almost every respect an opposite condition 
to Addison’s disease [McQuarrie, Johnson & Ziegler, 1937]. One might therefore claim 
that while Addison’s disease is the symptom of hypofunction of the basophil-adreno- 
cortical complex, Cushing’s syndrome is a symptom of hyperactivity of the 
complex. 

The thymic tumours of Cushing’s syndrome are associated with adreno-cortical 
hyperplasia. Thus whether in Cushing’s syndrome there is a basophil adenoma, 
adrenal tumour or thymic tumour, there exists sufficient correlation on morbid 
anatomical grounds to indicate the eventual production of a common inter-endocrine 
abnormality quite apart ficom the finding of basophil-cell hyalinization. But in the 
case which I have described there is no absolute morbid anatomical evidence of 
basophil, adreno-cortical or thymic hyperactivity. However, it must be kept in mind 
that the pathological findings in the hypophysis of basophUism are only those ob- 
taining at a point of time in a complex morbid process possibly imdergoing constant 
alteration. I have aheady noted that, in the present case, although the basophil cells 
were not increased in number, large binucleate and trinucleate forms were numerous. 
A few binucleate (and trinucleate) basophil cells are encountered in most human 
hypophyses. The proportion is very variable throughont any gland and no definite 
statement could be given about the proportion in the present case, with reference to 
normal, uithout a very extensive statistical survey. Nevertheless, inspection of the 
sections gives the impression that large binucleate forms are abnormally numerous. 
It is possible that this is an indication of basophil-cell hyperactivity. 

Thus apart from the common bond of hasophil-cell hyalinization the rather unique 
case of basophilism described offers possible correlation with the common morbid 
anatomical types of basophilism in that there is evidence suggestive of basophil-cell 
hyperactivity. The final elucidation of the problem depends on the significance of 
basophil-cell hyalinization. While this problem must ultimately rest with the experi- 
mental worker, I consider that certain observations at least suggest a solution, though 
the conclusions reached must be taken with reserve as the evidence is based on histo- 
logical change from a quantitative aspect which is never a certain guide. 

,1 relation of adreno-cortical tumour to the adreno -genital sjmdrome and to Cushine's s^TidromB is 

dealt with elsewhere [MeLetchJe & Scott. 1944}. 
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The significance of basophil-ccU Jnjalinizalion 

Crooko has noted two special points with reference to the basophil adenoma of 
Cushing’s syndrome: (1) the cells of the adenoma did not show the hyaline change; 
and (2) while the basophil cells of the surviving parenchyma showed hyalinization, it 
was not so conspicuous as in the hypophyses from other morbid types of basophilism 
(adrenal tumour, thymic tumour) in five, of the six cases of basophil adenoma 
examined by him. Tin's Avas also the finding in the case, previously referred to, 
where no hjmlinization was present in the large adenoma while hjmlinization was 
mainl}’’ limited to minute subpcriphci'al rims in about one-third of the basophil cells 
of the surviving parenchyma. In the case reported by Cohen & Dible [1936] a meta- 
stasizing basophil carcinoma aa^s associated Avdth a clinical sjmdrome containing 
practically every sign ever recorded in Cushing’s syndrome, Hyalinization was not 
present in the cells of the carcinoma. In the very scanty surAuving gland parenchyma 
hyalinization AAms present in slight degree in a very fcAv basophil cells and aa’Hs demon- 
strated AAuth difficulty [Cohen & Dible, 1937], In the first place it Avould appear that 
the cells of the basophil adenoma of Cushing’s sjmdrome do not obey the same laAVs 
as the basophil cells of the parenchyma in that they do not xmdergo hyalinization — 
a factor perhaps not inconsistent AAdth our knoAvledge of the autonomy of tumour cells. 
Secondly, especially from the evidence of Cohen & Bible’s case, it AA’ould appear that 
the basophil tumour, Avhen present, is the significant abnormality in the hypophysis 
and that basophil-cell hyalinization is a subsidiary phenomenon since the latter may 
be relatively inconspicuous. Since this evidence indicates that hyperactivity of the 
basophil cells is the essential lesion in basophilism, and since basophil-cell hjmlinization 
is a constant finding in all pathological types of basophilism, it AA’ould be reasonable to 
assume that cytoplasmic hyalinization is a change consequent on bnsophil-cell hyper- 
activity. As we shall see later this assumption goes far to unify all the varied patho- 
logical pictures which pituitary basophilism is heir to, and is consistent AAdth the 
experimental production of basophil-cell hyalinization in association with anti- 
hormone production [Severinghaus & Thomson, 1939], 

Before attempting to evaluate the significance of the experimental production of 
hyalinization of the basophil cells in the Brassica response in the rat it is advisable to 
summarize my explanations of the various findings in Cushing’s syndrome. 

Mechanism of pituitary basophilism 

Basophilism may be initiated by a hypersecretory tumour of the basophil cells of 
the hypophysis, of the adrenal cortex, or of the thymus. The basophil adenoma pro- 
duces adreno -cortical hyperfunction, which is usually expressed in enlargement of the 
adrenal cortex. The adreno-cortical tumour produces basophil-cell hyperactivity 
Avhich may be associated Avith active increase in basophil cells (basophilia). The inter- 
glandular relationships of the thymus are obscure, but the mechanism in Cushing’s 
syndrome is understandable in that adreno-cortical hyperplasia and- basophil-cell 
hyalinization are constantly associated Avith the thymic tumour of Cushing’s syndrome. 
Basophil-cell hyperactivity, Avhich is common to all these mechanisms, acting on all 
other endocrine glands results in the miiltiglandular disturbance, the outAA^ard mani- 
festation of AA’hich is Cushing’s syndrome. Basophil -cell hyalinization is a cytoplasmic 
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change consequent on hyperactivity of the basophil cells and hence is common to aU 
these mechanisms. In the case of the basophil adenoma the tumour cells do not obey the 
ordinary laws applicable to the basophil cells of the hypophysis and do not develop 
hyalinization. The reaction of the basophil cells of the surviving gland in the hypo- 
physis containing a basophil adenoma is only of secondary significance and only slight 
hyalinization is usually produced. In some cases, such as the one we have described, 
no tumour is present. It would appear reasonable to assume that in these cases there 
is a generalized basophil -cell abnormality in which phases of hyperactivity alternate 
with hyalinization. Consequent on the multiglandular abnormality produced by 
basophil-cell hyperactivity certain secondary changes may occur in the hypophysis: 
excessive basophil-cell vacuolation, decrease in size of acidophil cells, focal chromo- 
phobe-cell hyperplasia [see ^IcLetchie & Scott, 1944, for the latter]. The excessive 
vacuolation of the basophil cells with cobweb development and consequent nuclear 
distortion may be, at some phases of the disease, one of the most conspicuous morbid 
appearances in the hypophysis. 

The Brassica response in the rat ; its relation to the morbid process of pituitary basophilism 

Goitrogenic factors have been shown to be present in a number of vegetable sources, 
principally in the Brassicae (rape and turnip seeds) [Chesney, Clawson & Webster, 
1928;Hercus & Purves, 1936; Sharpless, 1938]. Keimedy, Griesback & Purves have 
shown that the following changes are produced in rats by feeding Brassica seeds. 

(1) An initial rapid proliferation of the thyroid in the first two weeks ; after the third 
week the thyroid growth parallels the growth of the rat [Kennedy & Purves, 1941]. 

(2) The basophil ceUs of the hypophysis increase rapidly in size and number 
(within 7 days), cytoplasmic hyalinization develops (14 days) and later is complicated 
by excessive cytoplasmic vacuolation (28 days). By the 56th day, hyalinization and 
vacuolation are maximal, with the production of many signet-ring cells. All these 
changes regress and by 224 days the basophil cells approach normality with little 
vacuolation or hyalinization, though some basophilia persists. 

(3) The acidophil cells of the hypophysis decrease in number and size for a period, 
but by 212 days the acidopMl-cell picture is normal [Griesbach, 1941]. 

(4) The adrenal cortex enlarges and the lipoid content is increased; the develop- 
ment of the ovaries is retarded; growth continues but at a suboptimal level [Kennedy 
& Purves, 1941]. 

Hypophysectomy can either prevent a Brassica response or cause a previously in- 
duced response to regress rapidly [Griesbach, Kennedy & Purves, 1941]. 

The authors appear to be mainly concerned with the correlation of the hypophyseal 
and thyroid changes and give little detail of other aspects. Their illustrations are 
convincing and the basophil ‘hyaline’ to which they refer appears to be similar to 
that of Crooke; unfortunately, they do not discuss this important point. 

The Brassica response in the hypophysis at 56 days corresponds to our findings in 
the present case of basophilism except that basophilia is not present in the latter. 
Furthermore, the initial Brassica responses, basophilia and adreno -cortical hyper- 
trophy, correspond to what appear to be common precursors of basophil-cell 

yalinization in the human subject. Thus I consider that the findings in the response 

ave much wider implications than as a function of thjToid activity. 
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While the morbid changes in tlie Brassica response talce place over a relatively 
largo period of a rat’s life they ultimately regress and the hypophysis appears to 
undergo a single cycle of change. Multiglandular upset is produced but not of such a 
degree as in Cushing’s syndrome, though it is similar, thyroid enlargement, adreno- 
cortical hyperplasia and gonadal atrophy being common findings in basophilism. 
While basophil-cell hyalinization in the Brassica response is rapidly produced and long 
continued, the multiglandular changes appear to occur in the short initial stage of 
basophilia before hyalinization is marked. This is certainly true of the thyroid altera- 
tion; unfortunately the authors do not give the time relations of the adreno-cortical 
changes. Thus it would appear that the essence of the Brassica response is a short 
phase of basophil-cell hyperactivity productive of multiglandular disturbance while 
the prolonged phase of hyalinization is the morbid manifestation of recovery from 
basophil-cell hyperactivity and in itself docs not contribute to endocrine derangement, 
i.e. it is a purely reparative phenomenon. In Cushing’s syndrome the phase of hyper- 
activity of the basophil-cell adrcno-cortical complex is often continuous in the form 
of a hypersecretory tumour of the basophil cells or of the adrenal cortex, while in the 
cases without tumour it is probable that we liave phases of increased basophil-cell 
activity alternating with hyalinization; at any rate there is no evidence that the 
condition regresses completely. I do not consider that the morbid process of the 
Brassica response and of pituitary basophilism can be separated qualitativelj^ and it 
may well be that with further research the initial effects of the Brassica response may 
be so heightened or frequently repeated that a more exact correlation with the human 
disease may be produced. If it is correct to correlate this experimental work with the 
hypophyseal findings in the present case it would indicate that: 

(1) the hypophyseal changes found in the present case are a consequence of 
hyperactivity of the basophil cells ; 

(2) it is the phase of basophil-cell hyperactivity which is the essential factor in the 
production of endocrine upset ; 

(3) basophil-cell hyalinization is a constant finding in Cushing’s syndrome because 
it is a cytoplasmic change resulting from hyperactivity of the basophil ceJIs. 

SUMMARY 

1. A case of basophilism, unassociated with h 5 ^poph 5 ^seal, adrenal or thymic 
tumour and without adrenal hyperplasia, is described. 

2. In the anterior pituitary the following abnormalities are present: 

(а) a conspicuous degree of basophil-cell hyalinization ; 

(б) an excessive degree of basophil-cell vacuolation; 

(c) multifocal basophil-cell vacuolation in the individual cells is associated with 
excessive disappearance of granules and with the revelation of a refrnctile cytoplasmic 
envelope surrounding the vacuoles (cobweb vacuolation) ; 

(d) the nuclei of the basophil cells are normal but in many cells cobweb vacuolation 
is associated with displacement of the nuclei to the periphery of the cells and with 
compression and scalloping of the nucleus by the vacuoles ; binucleate basophil cells 
are numerous ; 

(c) the basophil cells are increased in size ; 

(/) the acidophil cells are greatly reduced in size. 
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3. These findings are contrasted vrith the findings in (a) two other cases of baso- 
philism, (b) a large series of hypophyses from non-basophilism cases and (c) other 
recorded descriptions of the abnormal basophil cells of basophilism. 

4. On the basis of the evidence gathered, it is pointed out that: 

(а) the abnormalities of size and vacuolation found in the chromophil cells are: 
(i) inconstant in basophilism, (ii) not associated with any particular pathological type 
of basophilism ; 

(б) the cobweb vacuolation and nuclear scalloping in the basophil cells is similar 
to what Severinghaus and others have interpreted as nuclear ‘ blistering \ 

5. It is suggested that the abnormalities of size and vacuolation in the chromophil 
cells represent a phase of reaction to hypogonadism, and are only of secondary im- 
portance in the morbid process of basophilism. 

6. The correlation between the different pathological types of basophilism is 
briefly discussed. 

7. The relation of the morbid process of Cushing’s syndrome to the changes pro- 
duced in rats fed on a diet containing a high proportion of Bra^ssica seeds is discussed. 

8. It is considered that basophil-cell hyperactivity is the essential abnormality of 
Cushing’s syndrome, and that basophU-cell hyalinization is a cytoplasmic change 
resulting from hyperactivity. 

I wish to express my gratitude to Captain J. E. Craik, R..A.M.C., who generously 
supplied me vnth the pituitary blocks of the case described; to !Mr J. S. Buchanan for 
permission to publish clinical details; to the staffs of the Pathology Department of 
Glasgow Western Infirmary and Stobhill Hospital, Glasgow, for pituitary glands from 
their post-mortem cases ; and to Professor J. Shaw Dunn for his guidance and advice. 
Thanks are due to W, Carson and W. Penny, who cut thin sections for me, and to 
Mr J. S. Kirkpatrick for photomicrography. Grateful acknowledgement is made to 
the Rankin ^Medical Research Fund for a grant in aid of expenses. 
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Note added in proof. Tho experiments of Kennedy, Griesbach & Purves referred 
to in the text have been repeated. Similar results to theirs were obtained in all 
respects except that neither increase of mature basophil cells nor cytoplasmic 
hyalinization of the basophil cells in the hypophysis was found. 
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We record this case not so much because of the rarity of tumours of an adreno -cortical 
rest but because of the extreme changes present in the hypophysis. While the associa- 
tion of adreno -cortical tumour with hypophyseal abnormality is well known, in no 
case has such profound hypophyseal change been associated with such a paucity of 
symptoms. Moreover, we consider the findings, up to a point, capable of explanation. 


DESCEIPTION OF CASE 
Clinical history 

A female shop assistant aged 26 years was seen in July 1940, complaining of an 
acneform eruption of the face, hirsuties, and coarsening of the features. She had first 
noticed the acne and the alteration in facial appearance six weeks before. Her previous 
health had been good and she had no complaints other than concern over the sudden 
change in her appearance. Her previous menstrual history was normal. She had 
missed two menstrual periods since the development of the acne. There was no rele- 
vant family history. 

On examination, the facial features were coarse, the complexion was slightly dusky, 
and acne vulgaris was present over the face and brow ; there was an obvious moustache 
and a slight growth of hair over the beard area. The hair of the head was normal. 
A normal degree and distribution of adiposity was present over both trunk and limbs; 
striae were not seen. The breasts were small. The pubic hair was of female distribution. 
The external genitalia were normal and there was no enlargement of the clitoris. The 
blood pressure was 150/90 mm. Hg, and there was no apparent cardiac enlargement. 
Examination of the abdomen did not reveal any palpable tumour masses. 

While awaiting admission to hospital, she reported regularly and the condition 
appeared to be stationary, but in the sixth week after the original consultation she 
suddenly became comatose and was sent to the Western Infirmary. On admission she 
was found to be comatose and could be roused only with difficulty; she refused to 
speak and resented examination. By clinical examination the liver was found to be 
palpable one finger-breadth below the costal margin, but no other abnormality was 
detected. The blood urea was 40 mg./lOO ml., and the blood sugar was 80 mg./lOO ml. 
The cerebrospinal fluid was not under increased pressure and contained no increase 
of protein or cells. The fundi were normal. She remained in this condition for two 
days, but on the third day the temperature and pulse rate began to rise, a temperature 
of 103° F. and a pulse rate of 120 beats/min. being reached on the fourth day. On the 
fifth day she had occasional twitchings of the face and left arm, and died after a 
generalized convulsion. Post-mortem examination was carried out 12 hr. later. 
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Post-mortem examination 

Apart from the findings in tlic endocrine glands, which will be described in detail, 
the following changes were noted. The liver (1500 g.) was permeated with secondary 
carcinomatous deposits to such an extent tluit there was little liver tissue remaining 
in the left lobe. Much of the hepatic tumour was necrotic. A number of lymphatic 
glands in the neighbourhood of the jmncrcas were also invaded by secondary tumour 
growth. The uterus \vas normal, as were the kidneys apart from slight congestion. The 
heart (320 g.) showed slight hypertrophy of the left ventricle. The vertebrae and left 
femur appeared normal on section, fatty marrow being present in the latter and no 
bonj^ change being evident, A localized area of congestion and dilatation of the 
superficial veins was present over the right occipital lobe of the brain. 

The endocrine glands 

On opening the abdomen, considerable fibrous adhesion was noted in the neighbour- 
hood of the pancreas, towards the tail of which a hard nodule could be felt. The cap- 
sule of the left adrenal was adherent to the pancreas, and owing to the difficulty of 
making out precise relations, the pancreas, kidneys, adrenals and aorta were removed 
together, fixed in Kaiserling’s fixative solution and subsequently dissected. The hard 
nodule was then seen to be a mass of tumour tissue, 2-5 cm. in diameter, replacing the 
substance of the pancreas near its tail. An irregular fibrous capsule appeared to invest 
the tumour, separating it from the pancreas medially and from the left adrenal 
laterally. In order to determine the exact relationship of the adrenal gland to the 
tumour, large blocks of tissue comprising pancreas, tumour, and left adrenal in conti- 
nuity were prepared for histological examination. When this was done it was evident 
that the tumour lay completely outside the capsule of the left adrenal (Plate I, 
fig. 1). 

The pancreas 

The pancreas, apart from the tumour, appeared to be normal. Histological exami- 
nation of the tumour showed alveoli filled with cubical cells and supported by ft 
delicate fibrous stroma; in some areas the structure resembled that of the zona 
glomerulosa of the adrenal cortex ; in others the cubical cells were arranged in long 
columns, the structure resembling the zona fasciculata. Thin-walled vessels were 
present, but the growth was not very vascular (Plate 1, fig. 3). The epithelial cells had 
finely granular cytoplasm and single, oval, hyperchromatic nuclei; a few large nuclear 
forms were present but aberrant forms and mitotic figures were not found. The 
secondary deposits in liver and lymph glands had also this simple adenomatous struc- 
ture. A dense fibrous capsule invested tlie primary tumour, but in places tumour cells 
had infiltrated beyond the capsule and were arranged in masses of small pol3^gonal 
cells with dense hyperchromatic nuclei and very scanty cytoplasm. In general, the 
tumour corresponded to the malignant adi'eno-cortical adenoma described b}^ Ewiug 
[1928]. 

The adrenals 

The adrenal glands were larger than normal, and had notably rounded edges. The 
right adrenal weighed 12*8 g. and the left 16 g. (allowance being made for a wedge left 
adhering to the pancreas). The increase in size involved the cortex of each gland 
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PLATE 1 



Fig. 1. The primary tumour (pale mass) embedded Fig. 2. Adenoma with central mass of colloid in 
in pancreas (dark mass at top) and coming into cross section of whole anterior pituitary, x 6. 
relation with the left adrenal (dark mass at Mallory, 
bottom). X 2. Picro-Malloiy. 



I' 10 . 3. The primarj* tumour; note the resemblance to adrenal cortex. x35. van Gie^on, 
THE PTUMAEY TUMOUR AKD CHROSIOPHOBE ADE>'OMA 



PLATE 2 
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Fig, 4. Advanced basophil-coll liynlinization in tlio anterior 
pituitary. All the pale colls are hyaline basophil colls; note the 
clarity ^\dth which nuclei stand out in hyaline cytoplasm. The 
dark colls are acidophil colls. Compare with control strip from 
section of normal gland containing acidophil and basophil colls. 
X 300, Modified Mallory [method II a; McLotchio, 1944a]. 



Control strip. 



Fio. 5. Enlargement made from an area of Fig. 4. Note few persisting granules (dark areas) 
at periphery and next nucleus of hyaline cells,. 

ADVANCED BASOPHID-CELL IIYALINIZATION IN THE ANTERIOR PITUITARY 
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(cortical hyperplasia), and the medulla on each side was normal in size and appear- 
ance. The deposition of fat and doubly refracting material in each cortex appeared 
normal. 

Since it has been claimed that the essential evidence of androgenic overactivity in 
the adrenal cortex is the demonstration of fuchsinophil material in the epithelial cells 
[Broster & Vines, 1938], a search for this was made in the adreno-cortical tissue, the 
primary tumour in the pancreas, and the glandular and hepatic metastases. Small 
amounts of highly fuchsinophil material were found in the epithelial cells in all sites 
with the exception of the hepatic metastases. In the adrenal cortex the material was 
present in small scattered areas in all three zones. In the primary tumour and 
glandular metastases it was found in scattered areas, in some of which it was plentiful, 
and presented a striking appearance, being disposed in discrete granules and also 
sharp -edged crescentic inclusions. The fuchsinophil material had no obvious relation 
to autolytic or necrotic processes, being on the contrary absent in the necrotic and 
autolysed hepatic secondaries. According to Vines, the substance responsible for this 
staining reaction is labile and tends to diminish as the result of post-mortem autolysis ; 
it is therefore probable that the fuchsinophil reaction would have been more plentiful 
had the tissue been fresher, and had the blocks of tissue examined received primary 
fixation. Apart from general enlargement and the presence of the granules of Vines, 
we could find no difference in the structure of the adrenal cortex from that of the 
normal adult cortex. 

The ‘pituitary gland 

Serial sections of the gland were examined. The histological technique and methods 
of enumeration and measurement of cells employed are described elsewhere pIcLetchie, 
1944 a, 6]. 

The anterior pituitary was of normal size and gross structure. 

The, basophil cells. The relative number of the basophil cells (14-9 %) was slightly 
above the maximum normal (13*6 %) and well above the mean for the age and sex of 
the subject, as defined by Rasmussen [1929, 1933]. Apart from the actual enumera- 
tion, the basophil cells appeared much more numerous than in any other hypophyses 
from young subjects which we have examined. AU the basophil cells seemed of large 
size, but measurement showed that they were in fact within normal limits. The 
majority of the basophil cells showed the more extreme forms of cytoplasmic hy’alini- 
zation described by Crooke [1935], the normal granular cytoplasm being replaced by 
wax-like, homogeneous, refractile cytoplasm. Jlany of the cells were completely 
hyalinized, others showed partial hyalinization ^vith granules persisting as a peri- 
pheral rim and as small juxta-nuclear collections. The persisting granules were mainly 
very^small and feebly staining. Normal granular basophil cells were rare, only one 
or two being encountered in an occasional section. The nuclei of the basophil cells 
appeared normal even in the completely hyaline cells. Basophil-ceU vacuolation was 
inconspicuous. The extreme degree of the cytoplasmic alteration in the basophil cells 
is evident from the illustrations (Plate 2, figs. 4, 5). 

The size and relative proportion of the acidophil and chromophobe cells were well 
^dthin normal limits. These cells showed no cytological abnormality. 
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Adenomata 

In the inferior part of the gland there were three small adenomata, all about 
1*6 mm. in diameter. The term ‘adenoma’ is used in the conventional sense adopted in 
hypophyseal histology — a focal accumulation of a single cell type vnth loss of the 
normal acinous plan. Two of the adenomata were of papillary structure, the cell type 
being similar to that of the normal chromophobe cells of the gland. They had indefinite 
edges merging imperceptibly into normal parenchyma. In the third adenoma there 
was a central zone of colloid material, similar to the colloid of the cysts of the pars 
intermedia, surrounded by a cellular zone sharply demarcated from surrounding 
anterior pituitary structure, vdth compression of adjacent acini (Plate 1, fig. 2). The 
cells of the adenoma were loosely arranged, with little stromal support, and vith no 
suggestion of polarity. The cells had large oval vesicular nuclei and scanty irregular, 
finely granular, cj’^toplasm ; some cells appeared as almost bare nuclei. The staining 
reaction of the cells differed slightly from the chromophobe cells of the gland and 
appeared to conform to the ‘indeterminate’ adenoma described by Graef, Bunim & 
Rottino [1936] in a similar type of case, but the degree of post-mortem change present 
does not justify a special description of the tinctorial affinities of the cells. We ^ill 
refer to the two chromophobe adenomata and the ‘indeterminate’ adenoma col- 
lectively as the cliromophobe adenomata. 

The pars intermedia was relatively large with many duct-like spaces lined by one or 
two layers of columnar cells with faintly granular cytoplasm. In places these cells 
showed differentiation to cells indistinguishable from anterior-lobe basophil cells and 
many of the ducts were packed with basophil cells, many of which showed hyaliiu- 
zation. 

The posterior lobe. The gross structure appeared normal. Wandering basophil cells 
were numerous in the area adjacent to the pars intermedia. The majoritj^ were 
hyalinized. Deep in the posterior lobe there were two irregular and incomplete gland- 
like spaces lined by ^columnar cells similar to those in the pars intermedia. These cells 
could be seen differentiating into cells indistinguishable from anterior-lobe basophil 
cells. Wandering basophil cells produced from this area were scattered in the nervous 
matter around the spaces. Many of these basophil cells showed hyalinization. 

Other endocrine glands 

The thyroid gland showed normal involutional tissue. In the right ovary primordial 
follicles, corpora lutea and corpora albicantes were present; the left ovary was repre- 
sented by a single cyst lined by flattened cubical cells. No thymic tissue was found lU 
the mediastinum. 

Summary of post-mortem findings 

(1) Carcinoma in substance of the pancreas with hepatic and glandular metastases. 

(2) Bilateral adreno-cortical hyperplasia. 

(3) Fuchsinophil (androgenic) granules of Vines in epithelium of both tumour and 
adrenal cortex. 

(4) Anterior pituitary: basophilia (relative increase in basophil cells), extreme 
basophil-cell hyalinization, three chromophobe adenomata. 
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DISCTTSSIOK 

The tumour in the 'pancreas 

The tumour has the structure of a malignant adreno-corixcal adenoma] fuchsinophil 
granules are present, a common finding in the adreno-cortical tumours associated with 
masculinization [B roster & Vines, 1938]. The tumour is present in a site where adreno- 
cortical rests have been shown to occur [Ribbert, quoted by Glynn, 1911] and is 
associated with a group of symptoms similar to those commonly present in cases with 
adreno-cortical neoplasm. Both macros copically and microscopically the tumour is 
shown to have no direct connexion with the adrenal glands. Accordingly, it is an 
adenocarcinoma of an adreno-cortical rest. Hyperplasia or tumour in adrenal rests is 
uncommon and their association with sexual alteration is exceedingly rare. Glynn 
[1911], in a review of the literature, quoted three cases of pseudohermaphroditism 
associated with large adrenal rests. Since then Kolodny [1934] has reported what he 
considers to be a unique example in an adult female with a clinical picture similar to 
the present case but with more definite hypertension and with enlargement of the 
clitoris. This was due to a carcinoma of an adreno-cortical rest situated in the neigh- 
bourhood of the solar plexus and removed by operation. The patient improved greatly 
after the operation but ultimately died with pulmonary metastases. The findings were 
not verified by autopsy. Some masculinizing tumours of the ovary take origin from 
ovarian adreno-cortical rests [Novak, 1941]. 

Taking into consideration the short course of the disease in this case, it seems likely 
that the primary condition is the carcinoma of the cortical rest. We consider that the 
bilateral adreno-cortical hyperplasia is produced by the same stimulus (unknown) 
which induced malignant change in the adreno-cortical rest. Reasons will be given 
later for assuming that the hypophyseal changes are secondary to the adreno-cortical 
abnormality. GroUman [1936] has propounded the theory that hyperplasia or tumour 
of the adrenal cortex associated with masculinization is produced fi'om a special juxta- 
medullary zone of the adrenal cortex. We have not found any indication from the 
morphology of the enlarged adrenals and the adreno-cortical tumour to indicate the 
Implication of such a tissue in the morbid process of the present case. 

The hypophyseal abnormality 

Basophil-cell hyalinizaiion. CJrooke [1935] has shown that a conspicuous degree of 
basophil-cell hyalinization is the only constant lesion in, and is specific for, Cushing’s 
syndrome whether there be a tumour of the basophil cells, of the adrenal cortex, or of 
the thymus, and all subsequent evidence appears to substantiate this view [ilcLetchie, 
19446]. In our case the hyalinization is greater in degree than has ever been previ- 
ously recorded; this finding is possibly in parallel with the large amount of abnormal 
adreno-cortical tissue both as tumour and cortical hjq^erplasia. Crooke specially noted 
that, despite the replacement of the basophil granules by the refractile hyaline cyto- 
plasm, the nucleus of the hyaline basophil cell showed no abnormality. The apparent 
normality of the nucleus is a striking feature in our case despite the remarkable 
degree to which hyalinization has proceeded so that the nuclei appear embalmed in 
a dense wax -like c3rtoplasm. Since the nucleus was normal Crooke concluded that 
basophil-cell hyalinization was an attribute of some special alteration in basophil-cell 
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activity rather tlian a stage to cell death. In our ease the derangement of basophil- 
cell activity is of extreme degree and it cannot be denied that the accepted morbid 
basis of Cushing’s syndrome is present. 

Basoj)MUa. Basophilia has been previously recorded in a ease of adreno-cortical 
tumour associated with Cushing’s S 3 mdrome [Lcsclier & Robb Smith, 1935]. Basophil- 
cell hyalinization was also present in this ease [Crooke, 1935]. In connexion with the 
importance of this finding, the active development of basophil cells from the pars 
intermedia and associated epithelial inclusions found in the posterior lobe in our case 
is of importance. While columns of wandering basophil cells in the posterior lobe are 
often found to be continuous with the epithelium of the pars intermedia, we have not 
observed in our control series fcf. I\IcLctchie, 19446] active differentiation of basophil 
cells from large numbers of pars intermedia cells as obtains in the present case. Lewis 
& Lee [1927] have already drawn attention to clefts in the posterior lobe lined with 
epithelial cells similar to our finding. We have also encountered these structures in our 
control series but unnssociated with production of basophil cells. AVe thus consider 
that the active development of basophil cells from the pars intermedia and allied 
tissues is associated with the general basophilia and is evidence of a stimulus for 
increased basophil-cell activitj’' which is part of the morbid process. 

The chroviopliohe adenomata. Chromophobe adenomata have been recorded in cases 
with a similar pathology to our own, but associated with a symptom atologj’' more 
obviousty belonging to Cushing’s syndrome [McCulIagh & Cujder, 1937; Graef et al. 
1936]. Close [1934] records the finding of chromophobe adenomata in 10% of 
pituitary glands from routine autopsies. He does not distinguish between true 
chromophobe and ‘indeterminate’ adenomata. Some adenomata which we have en- 
countered in routine autopsy material have been ‘indeterminate’ in character and it 
is probable that Close’s series contained examples of this t 3 ^pe. Graef et aL have 
pointed out that the so-called chromophobe adenomata are rare in 3 ^oung subjects, 
and they consider that the adenoma in their case is associated with the morbid process 
and is not an incidental finding. Since, however, these adenomata are sometimes 
found unassociated with adrenal tumour, and are not constantl 3 ^ associated with 
adrenal tumours, it would appear that they can liave onl 3 ^ some secondaiy signi- 
ficance in relation to the morbid process under discussion. Cramer & Horning [1936] 
and others have produced large chromophobe adenomata in the hypophyses of rats 
by injections of oestrogen. The chromophobe adenomata found in cases of adrenal 
tumour may be correlated with this experimental finding, in that large amounts of 
oestrogen have been shoum to be excreted in such cases [Frank, 1934; Saphir & 
Parker, 1936]. In Graef ’s case the oestrogen excretion exceeded that of pregnanc 3 ^ 

The relationship of the clinical to the morbid anatomical findings 

The comatose state followed by sudden death was apparently due to hepatic failure, 
coma and delirium being not uncommonly associated with massive necrotic secondaiy 
carcinoma of the liver, though this sudden termination jneceded by convulsions is 
unusual and the possibility that the coma was due to the extreme basophil-cell 
changes cannot be excluded. 

At no time did the patient’s condition suggest that a morbid process was at work as 
extensive as we have found, and on clinical grounds the patient’s condition might be 
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regarded as one of virilism showing only coarsening of the features, hirsuties, amenor- 
rhoea, slight hypertension, and dusky cyanosis. The symptomatic history of the 
disease was, however, only of 12 weeks’ duration and our view is that had the patient 
lived longer more obvious signs of Cushing’s syndrome would have developed as a 
result of the specific pituitary change. With regard to the development of Cushing s 
syndrome in cases of adreno -cortical tumour, it is of interest to consider the course of 
two cases pathologically similar to ours. 

Hare, Ross & Crooke [1935] reported the case of a female aged 31 years in whom the 
first significant clinical signs were changes in facial appearance, with obesity and the 
growth of a beard; one year later amenorrhoea followed a period of metrorrhagia. 
Later, a full Cushing’s syndrome developed and the patient died after a surgical 
operation for removal of an adreno-cortical carcinoma. Post-mortem examination 
showed hyalinization of the basophil cells. This clinical picture of initial virilism 
followed by Cushing’s syndrome was also shown by the patient reported by Lescher 
& Robb Smith [1935]. In this case, in a female aged 32 years, menstruation ceased 
abruptly, obesity appeared and was foUow’^ed by the growth of a beard and moustache. 
When examined three years after the onset of the disease, she presented the typical 
appearance of Cushing’s syndrome with obesity, hirsuties, plethoric appearance, 
dusky cyanosis, hyperglycaemia, polycythaemia, hypertension, and marked osteo- 
porosis. As in the previous case, death occurred after the removal of an adreno- 
cortical carcinoma and again hyalinization of the basophil cells was found at autopsy 
[Crooke, 1935]. It would appear that the present case difiers from these mainly in its 
short duration and only the extreme malignancy of the tumour prevented a similar 
course being taken. The three cases are presented as illustrating a possible sequence 
in the genesis of the Cushing’s syndrome. 

On general principles, it is most unlikely that such a profound derangement of 
basophil-cell function as is manifested by the extreme hyalinization in our case w’ould 
only be associated with manifestations of virilism. On the other hand, it cannot be 
doubted that hypercortico-adrenal conditions of long duration may be only' associated 
with manifestations of virilism without developing evidence of multi-glandular 
disease, though this is more true of cases with adreno-cortical hyperplasia than with 
tumour [see Broster & Vines, 1938]. 

Broster & Vines have made the widest study of adrenal virilism (the adreno-genital 
syndrome) and have shown that in the adolescent female, as the result of adreno- 
cortical lesions, more or less complete sex reversal may occur, but in the adult female 
the capacity for sex reversal is largely lost through loss of plasticit}^ of the tissues. 
In the latter instance the only abnormalities usually found are those of hirsutism, 
amenorrhoea or irregular menstruation, slight deviation of the body contours towards 
the male type, and sometimes distressing psychological changes. 

It would thus appear that a hypercortico-adrenal condition ma 3 ’' produce either a 
condition of virilism or may lead to the multiglandular disturbance of Cushing’s 
sjmdrome. It is of importance to note that Crooke did not find basophil-cell hj’^ah'niza- 
tion in a case of adreno-cortical tumour with virilism unassociated with any of the 
additional signs of Cushing’s s3mdrome. He considers that the production of basophil 
hyalinization is the factor which determines the development of Cushing’s s3mdrome, 
while, presumably , virilism is the result of hypercortico-adrenal stimulation uncompli- 
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cated by altered activity of tlic basopliil colls. If this is so, one would expect to find 
differences in the adrenal abnormalities of the two conditions. On qualitative grounds, 
we know of no difference between the adrenal lesions; for instance tlic fuchsinophil 
granules of Vines, a constant finding in adrenal virilism, arc also present in adrenal 
tumours associated with a fully developed Cushing’s syndrome [Hare et aL 1935; 
Lescher & Robb Smith, 1935], On the other hand, a quantitative difference exists in 
that, while adreno-cortical hjqDcrplasia is commonly associated wdth \irilism, cases of 
adreno-cortical tumour usually rapidlj^ develop manifestations of multiglandular 
upset [Broster & Vines, 1938], This suggests that the difference between adrenal 
virilism and Cushing’s sjmdrome associated with an adrenal tumour is one of degree, 
the basophil-cell abnormality necessary for Cushing’s syndrome only being produced 
hy hypercortico-adrenal conditions of high degree. 

McLetchie [19445] considers that in Cushing’s syndrome associated with adrenal 
tumour the sequence of events is as follows: the adreno-cortical hyperactivity results 
in basophil-cell overactivity which may be associated with basophil-cell increase 
(basophilia); basophil-cell hyalini/.ation is a cytoplasmic change consequent on 
basophil-cell overactivity. 

It is evident from our case that a profound basophil-cell response may be rapidly 
elicited in the anterior pituitary by a hyperadreno-cortical condition without much 
external evidence, and it is apparent from Lesclier’s and Hare’s cases that it takes time 
for unequivocal signs of multiglandular upset to develop. 

Up to this point we have passed over the possibility of the hypoph3^seal changes in 
our case being antecedent to tlie adreno-cortical abnormality. This would be unlikelj" 
if return to normal could be obtained after removal of an adreno-cortical tumour in 
a case where the sj^mptomatology left no doubt that the morbid process had passed 
beyond that of pure hypercortico-adrenal stimulation. Unfortunatety, no case with 
the full clinical picture of Cushing’s syndrome has survived operative removal of the 
tumour. Walters, Wilder & Kepler [1934] have recorded a series of cases under the 
heading of ‘The Adreno-Cortical Syndrome’ in at least one of which complete return 
to normal was obtained after removal of an adrenal tumour. The s 5 miptomatology of 
their cases is much more suggestive of early Cushing’s syndrome than of uncomplicated 
hypercortico-adrenal -stimulation and we consider that one must infer that the 
basophil-cell alterations of Crooke can be secondarj^ to an adrenal tumour and are 
reversible. 

SUMMARY 

A case is described of the sudden development of a condition of mild virilism in a 
previously healthy and apparently normal adult female. Sudden death followed a 
brief period of coma three months after the onset of the first signs. Post-mortem 
examination showed a carcinoma of an adreno-cortical rest and bilateral adreno- 
cortical hyperplasia. In the anterior pituitary gland extreme basophil-cell h 3 ^aliniza- 
tion, basophilia, and three chromophobe adenomata were found. 

The relationship of adreno-cortical hyperplasia and tumour to the anterior pituitar}^ 
changes is discussed. 

Our thanks are due to Professor J. Shaw Dunn and Professor J. W. McNee for 
advice and permission to publish the case. One of us (N.McL.) is indebted to the 
Rankin INIedical Research Fund (University of Glasgow) for a grant in aid of expenses. 
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DISTURBANCES OF WATER BALANCE IN THE RAT 
ON REMOVAL OF THE ADRENAL MEDULLA 


By L. stein and E. WERTHEIMER, From the Department of Applied Physiology^ 

The Hebretv University^ Jemsahm 

(Received 27 February 1943) 

In an investigation on hair loss in medullectoniized animals [Stein & Wertheimer, 
1941] skin disturbances which suggested some interference in the water metabolism 
were noted. Changes in water balance, related in part to disturbances in the mineral 
balance, are well known after adrenalectomy. The question whether absence of the 
adrenal medulla contributes to the disturbance of the water balance remained open. 
In the present investigation the water balance of medullectomized rats is investi- 
gated by (1) water diuresis tests, (2) water intoxication experiments, and (3) normal 
drinking tests. 

ANIMAL IVIATERIAL 

Male albino rats of laboratory rearing Avere employed for the experiments. Their 
average weight was 200 g. (160-250 g,). 

METHOD OF MEDULLECTOjrY 

Medullectomy was effected by the methods of Evans [1935] and Ingle & Higgins 
[1938] under ether narcosis. In a small number of cases, the- adrenal capsule was 
torn open with a fine-toothed forceps and then bluntly enucleated. In sham-operated 
rats, both adrenals were pulled forward and the adrenals cut free of surrounding 
adipose tissue as far as the blood vessels. 

NUTRITION 

Operated and control animals were maintained on tap water and on a mixture of 
cereals and vegetables. In the winter of 1941-2 the diet consisted either of maize and 
vegetables or of a synthetic feeding mixture composed of 20 % casein, 70 % potato 
meal, 10% olive oil, 2% salt mixture, 3% dry yeast, and 25 di’ops of cod-liver oil. 

BEHAVIOUR OF MEDULLECTOMIZED RATS 

For some time after operation the rats showed latent cortical deficiency. Experi- 
ments were therefore performed to determine the time after medullectomy when 
cortical function was restored sufficiently to ensure absence of disturbances due to 
cortical deficiency. This was determined by several methods. 

(a) Medullectomized, sham-operated, normal, and adrenalectomized rats were 
exposed to a temperature of about — 7° C. for 4 hr. after fasting for 15 hr. Up to 
the fifth post-operative day, two-thirds of the medullectomized rats showed an 
abnormal fall in temperature when compared Avith the sham-operated and normal 
animals, but only 16% suffered temperature shock comparable Avith that regularly 
induced in the adrenalectomized animals. BetAveen 6 and 10 days after operation, 
40 % of the animals showed an abnormal fall in temperature, but in every case the 
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degree of disturbance was less than in the adrenalectomized rats. Between 11 and 
28 days after operation, the average falls in temperature in the meduUectomized and 
normal animals were equal. Marked temperature decreases were observed in this 
period only in exceptional cases. 

(6) The length of life of the animals was not affected by meduUectomy, and 
addition of common salt to the diet to prevent insufficiency symptoms was never 
necessary. Of a number of meduUectomized animals kept imder observation for 
longer than a year, only a few died of pneumonia. Decrease in the amount of 
sodium and increase in the amount of potassium fed did not affect the mortality rate. 

(c) Specific reactions to hunger such as are observed in adrenalectomy were not 
evinced by the meduUectomized rats. The carbohydrate metabolism (blood sugar, 
liver glycogen, and muscle glycogen) was not affected. 

(d) AU meduUectomized animals showed satisfactory regeneration at autopsy. 
Histological examination of ten regenerated specimens showed; meduUa — absent in 
aU cases; zona glomerulosa — present, but in two cases irregular and in places absent; 
zona fasciculata — uniformly present and always weU developed; zona reticularis — 
absent in all cases. 

WATER DIURESIS EXPERIMENTS 
Method 

The tests were carried out by the method of HeUer & Urban [1935], Groups of 
three rats of equal weight were fasted overnight (16-17 hr.) on tap water, or, in a 
smaU number of cases, on Rubin-Klrieck solution. In the morning tap water at SO'^C. 
was administered by stomach tube in a dose of 5 % of the body weight before fasting. 
The urine was coUected in 15 min. lots in Bum dimesis cages [1937 ; cf. Truszkowski, 
Blauth-Opicuska & Jwanowska, 1939]. The times in which 50% of the quantity of 
vrater ingested was excreted and the total amounts of urine excreted in 3 hr. were 
determined. 

Results 

Normal rats. Normal diuresis after water administration by stomach tube was 
determined in forty-five experiments involving thirty-three groups of rats. 50% 
excretion (maximum excretion time) was found at 108 min. (71-155 min.). The 
excretion after 3 hr. amounted to 68-4% (51*5-92*1%) of the amount of water 
ingested. The season of the year did not seem to affect the results, the maximum 
excretion time in April-September 1941 being 110 min. and the corresponding figure 
for Novemher-Jtlarch 1942 114 min. Temperature and air humidity were abo without 
effect on the time course of the excretion curve. Sham-operated animab behaved 
practically normally. Excretion set in after a period of anuria of 30 min. on the 
average and followed a characteristic course (Eig. 1, curve 1). 

MeduUectomized rats. Twenty groups of animab were examined. The averages for 
ninety -five experiments during the period March 1941-August 1942 are seen in 
Table 1 (see abo Fig. 1, curve 2). 

Water excretion in the first week after operation was strongly inhibited, but rarely 
to an extent equalling that after adrenalectomy. The urinary excretion in 180 min. 
later fluctuated between 10 and 30% of the ingested water as against 68-4% in 
normal knimals, but was very constant within any given group. After 3-4 weeks 
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an improvement in the diuresis figures to an average value equal to the minimum 
normal excretion (Fig. 2) was seen. It is noteworthy, however, that this improve- 
ment was not maintained in later experiments. Out of sixteen groups which were 
tested 91-290 days after operation, 40% showed a 60% excretion time of over 
180 min. (max. 260 min.) as against 108 min. in normal animals. 



Fig. 1. Urine excretion in water diuresis tests. Average of all experiments up to March 1942. Curve 1: 
controls. Curve 2: medullectomized rats 11-26 days after operation. Curve 3: modullectomized rats 
26 days after operation. Curve 4: medullectomized rats less than 26 days after operation injected with 
adrenaline. Curve 6 : adrenalectomized rats injected with adrenaline. 

Table 1. Water diuresis test in medullectomized rats 

Days after operation 

r — X Normal 

6-10 11-26 26-90 90-290 rata 

60 % excretion time in min. >300 >300 147 174 lOS 

Urine excreted in 3 hr. as % of water ingested 13*2 26*6 61*1 47*6 68*4 

The initial anuria, which lasted 30 min. in the control animals, lasted 60 min. on 
the average in medullectomized rats 4-10 days after operation, and 60 min. 11-25 days 
after operation. The curve of urinary excretion in medullectomized and normal rats 
after a single administration of water by stomach tube is shown in Fig, 1. The curve 
is based on averages calculated from the total data gathered up to March 1942. 
In the first 3-4 weeks after operation the water excretion curve is flatter in the 
medullectomized rats than in the controls. 3 hr. excretions amounting to 50% of 
the total water ingested, which is the normal minimum figure, were only observed 
in medullectomized rats more than 3-4 weeks after operation. The experiments could 
be reproduced with httle relative variation at all seasons of the year, except during 
April-July 1941 and 1942. During April-July the inhibition of diuresis was already 
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diminislied after the 14th post-operative day. In all medullectomized animals diuresis 
only improved to the value of the minimum normal excretion; the normal average 
was not attained (Eigs, 1, 2). Diuresis was not influenced by repetition of the water 
test. Administration of water by stomach tube did not exert a deleterious influence, 
and neither the weight nor the body temperature of the medullectomized animals 
was influenced by this treatment. 



Fio. 2. Urine excretion in 3 hr. after water ingestion in control, medullectomized and adrenalectomized 
rats with and wdthout adrenaline injection. 


Effect of adrenaline on water diuresis 

Z-Adrenaline supplied by Poulenc Freres or by Assia was used. The animals re- 
ceived 0*1 mg./lOO g. body weight subcutaneously in 0*2 ml. of distilled water 30 min. 
before water ingestion. The influence of the treatment on the water excretion at 
different times after medullectomy is seen in Figs. 1 and 2. Sham-operated and 
normal control animals so injected showed only a small change or none at all in the 
values for total excretion. No effect at all was demonstrable on the time of 50% 
excretion. In medullectomized animals, on the other hand, a definite increase and 
acceleration of diuresis was produced by adrenaline (Figs. 1, 2, and Table 2). A very 
notable effect was produced in the adrenalectomized animals. Prior to and during 
the experiments the rats were in good condition; body weight and temperature were 
not affected by the operative treatment. Animals in the adrenalectomized group 
received Rubin-Krieck solution imtil the start of the test. 


Table 2. Z hr. urine excretions in percentage of ingested water after injection 
of adrenaline in a dose of 0*1 mg. 1 100 g. of body weight 

(Values for untreated animals are given in brackets) 


5-10 

57-4 (13-2) 
66-2 (4-9) 
78 0 (66-5) 


Days after operation 


Medullectomized rats 
Adrenalectomized rats 
Xonnal rats 


11-25 
57*2 (25-6) 


11-73 
64-1 (51*1) 
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Whereas untreated adrenalcctomizcd rats excreted little or no urine in the first 
3 hr. after water ingestion, the adrenaline-injected adrenalcctomizcd rats showed a 
prompt and sustained diuresis which occasionally even exceeded that evinced by 
niedullectomized rats at the same post-operative stage. Adrenaline treatment is seen 
to curtail the initial period of anuria in control and mcdullectomizcd animals to 
15 min. The majority of mcdullectomizcd rats and a number of the controls were 
markedly restless following adrenaline injection. Frequently the animals stretched 
full length on the cage floor, sometimes lying prone only to leap suddenly to their 
feet after a minute or two, and then repeated the process. The excretion of the highly 
concentrated initial sample of urine was visibly difficult. Respiration at this time 
was strikingly deep and regular; the peripheral circulation was undisturbed. After 
the onset of diuresis the animals became quieter. 

Minimum effective dose and duration of activity of adrenaline 

30;ig. of adrenaline injected subcutaneously 30 min. before water ingestion by 
stomach tube were sufficient to induce optimal diuresis (Table 3). 


Table 3. Different doses of adrenaline 30 min, before ^vaier ingestion 


Doso 

No. of 

60% excretion 

Excretion 
in 180 min. 

Excretion of 
chlorine 


oxps. 

in min. 

0/ 

/o 

mg. 

5 

2 

>300 

40-8 

Traces 

10 

5 

>300 

21-6 

Traces 

30 

2 

146 

96-0 

18-8 


The adrenaline effect sets in 30 min. after injection and disappears after 5 hr. 
(Table 4). 


Table 4. Duration of effect of adrenaline in a dose of lOO/itgr./lOO g. 
body weight administered sttbcxUaneously 


Interval between 
adrenaline injection 

60% 

Excretion after 

Excretion 

and water ingestion 

excretion 

180 min. 

of Cl 

min. 

min. 

/o 

mg. 

0 

110 

104 

340 

30 

67 

129 

60*9 

120 

45 

107 

29*1 

180 

136 

61 

11-0 

240 

75 

81 

16-9 

300 

>300 

11 

Traces 


Influence of adrenaline on chlorine excretion 

It is apparent (Table 5) that adrenaline injection increased the chlorine excretion 
during the diuresis test even in normal rats, but a very much greater increase was 
observed in medullectomized rats during the time when diuresis was inhibited. 

Adrenalectomized rats, Adrenalectomized rats which had been maintained on 
Rubin-Krieck solution for many days before the water diuresis test excreted 30 nig. 
of chlorine during the first 180 min. of the test when they were injected with lOO/xg. 
of adrenaline per 100 g. body weight. This high excretion is due to the Rubin-Krieck 
solution, since normal rats receiving this solution also excreted large amounts of 
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Table 6. Average chlorine excretions in 3 hr. in water diuresis tests 

Excretion of chlorine 


mg. 

(a) Normal rata 

Untreated 1*3 

After adrenaline injection, 0-1 mg./ 100 g. body weight 10-8 

(6) Mcdnllectomized rats 

Untreated Traces 

After adrenaline injection 

5th-10th day after operation 14*6 

llth~25th day after operation 23-1 

26th and more days after operation 10*0 


chlorine in the test (32 mg.). Adrenalectomized rats which did not receive an in- 
jection of adrenaline showed complete inhibition of diuresis and their chlorine 
excretion was therefore nil. 

Influence of adrenaline-lihe substances on vxiter diuresis in medullectomized rats 

Subcutaneous injections of tyramine (10 mg.), ephetonine or ephedrine (7, 10 and 
100 mg.), and of strychnine, caffeine, cardiazol, or atropine in different doses had 
no effect on the inhibition of water diuresis exhibited by medullectomized rats. 
Benzidrine (2-5 mg.) given by mouth was also ineffective. 

Influence of desoxycorticosierone 

5 mg. of desoxycorticosterone acetate were administered per 100 g. of body weight 
6 hr. before water ingestion. Four experiments giving similar results showed that 
desoxycorticosterone acetate abolishes tjie inhibition of diuresis in the water in- 
gestion test, accelerates the 50% excretion, and is without effect on the chlorine 
excretion. The active dose is very large. Smaller doses were entirely ineffective 
(Table 6). Feeding of Rubin-Krieck solution during 3 days before the actual experi- 
ment with or without subcutaneous injections of salt solution did not affect the 
inhibition of diuresis in the medullectomized rats. 

Table 6. Water diuresis tests on medullectomized rats after treatment 
with desoxycorticosterone acetate 


Untreated Treated 

(а) Dose of 5 mg./lOO g. 

50 % excretion time (min.) > 300 85 

Excretion after 3 hr. 13*5% 67*7 % 

(б) Dose of 3 mg./lOO g. 

50 % excretion time (min.) > 300 > 300 

Excretion after 3 hr. 17*7 % IS-l % 


WATER INTOXICATION IN MEDUIXECTOMIZED RATS 

Methods 

Water intoxication was produced by the method of Gaunt. Remington & Schweizer 
[1937], After a 12-lu-. fast the animals received tap water at 40°C. in 5-hourly ad- 
ministrations hy stomach tube. Two experiments were run; in one the animals 
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received 6 ml./lOO g. of body weight and in the second 9 ml./lOO g. of body weight 
as determined after fasting. The rats were weighed at the start of tlie experiment, 
and 6 and 24 hr. later. The amount of fluid excreted was measured hourly until 1 hr. 
after the last water administration; total excretion was measured after 24 hr. The 
excretion was made up of (a) pure urine, (6) urine mixed with intestinal fluid, and 
(c) pure intestinal fluid. In order to determine the influence of shock, pulse rate and 
body temperature were recorded G and 24 hr. after the first water treatment, the 
pulse rate being taken by a count of the lieart apex beat in so far as this was feasible. 

Results 

Table 7 shows the average values for medullectomized and control animals. 


Table 7. Waier intoxication in med^illcctoinized rats 





% fluid 

Temp, 





excreted in 

drop at 



No. of 

No. of 

f — 

^ 

6 hr. 


Animals 

exps. 

dedths 

6 hr. 

24 hr. 

°C. 

Pulse at 6 hr. 

(O) 

9 ml. of water per 100 g, body weight 


Controls 

8 

0 

61-5 

76-6 

- 2-7 

600/min. and more 

Controls 4- adrenaline* 

4 

0 

62*3 

87'9 

- 2*0 

000/min. and more 

Medullectomized 20-260 days 

12t 

12 

29*3 

— 

-10-4 

230/min. 

post-op. 

3t 

0 

49*8 

90-0 

— 


Medullectomized 6-316 days 

11 

3t 

43-0 

60*8 

- 4*5 

450/inin. and more 

post-op. + adrenaline* 







(b) 

6 ml. of water per 100 g. bodj' weight 


Controls 

18 

0 

63-3 

73-3 

- 0-9 

600/min. and more 

Medullectomized 9-18 days 

6 

6 

7*6 

— 

- 9*8 

Less than 230/min. 

post-op. 







Medullectomized 22-284 da}^ 

24 

1 

39-6 

66-0 

- 2*6 

450/rain, and more 


post-op. 

♦ Dose of adrenaline was 0*15 mg./lOO g. 

t Out of fifteen animals investigated twelve behaved pathologically and three were foimd to bo normal. 

J The tlwee rats which succumbed (6J, and 48 lir. after the first water ingestion) showed sjTnptoms 
of shock. 

Behaviour of normal animals 

No rats were killed by either dose of water. Out of eighteen control animals wliich 
were given the smaller dose only two showed a disposition to cramps (sudden 
twitching when tapped), while of eight control rats which received the larger dose 
one developed cramps and two showed disposition to cramps. 

With the dose of 6 ml./ 100 g. body weight, sixteen out of the eighteen control 
animals excreted pure urine only. In two cases both urine and intestinal fluid were 
excreted during the fourth and fifth hour after the first water ingestion. Fig. 3 shows 
that diuresis set in within the first hour, that the urinary excretion continues to 
increase (in comparison with the amount of water ingested) up to the last hour but 
one, the two final portions being equal (maximum). 

With the larger dose of water (9 ml./lOO g. body weight), three out of eight rats 
excreted pure urine, two excreted intestinal fluid as well as urine in the last hours 
only, two excreted both intestinal fluid and urine tliroughout the observation period, 
and one excreted intestinal fluid alone. Diuresis set in within an hour of the first 
water ingestion and increased steadily. 
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Behaviour of medulleciomized rais 

Small dose of water. Up to the 18th day after operation, all the treated animals 
died on an average 7 hr. after the first water ingestion. All the animals developed 
oedema particularly in the eye regions and in the limbs. Two rats showed disposition 
to cramps, one died of cramps, and five died without cramp symptoms. At autopsy, 
cortical regeneration was found in all the animals. Water excretion was in every 
case inhibited. Two animals failed altogether to excrete, two excreted pure urine, 
and two both urine and intestinal fluid. It is noteworthy that at autopsy the bladder 
in most rats was found fully distended (shock). 



Hours after first dose of water Hours after first dose of water 

Fig. 3. Fig. 4. 


Fio. 3. Fltiid excretion in water intoxication experiments (6 ml- of water per 100 g, body weight). 
Height of each column represents the fluid excretion expressed as a percentage of the water given 1 hr. 
previously. 

Fig. 4. Fluid excretion in water intoxication experiments (9 ml, of water per 100 g. body weight). 
Height of each column represents the fluid excretion expressed as a percentage of the water given 1 hr. 
previously. 

Externally the rats meduUectomized 22-284 days previously showed little differ- 
ence from the normal group. Only one rat (31 days after operation) of the total 
died in cramps. 

Fourteen animals excreted urine only (A in Fig. 3) ; ten excreted intestinal fluid 
only [B in Fig. 3). Fig. 3 shows that the delayed effect of medulla deficiency is one 
of slowed water excretion. The normal curve rises steeply in the first 6 hr. and then 
straightens out with little subsequent change. The ascent of the ciirve in the case 
of meduUectomized rats is far less steep, and reaches the maximum excretion value 
of the normal animals only after 24 hr. 

Large dose of water. Three of the animals behaved practically nonnaUy. They are 
specified in Table 7. Twelve other meduUectomized rats died with cramps and severe 
oedema on an average 6 hr. after the first dose of water. 

Four rats excreted pure urine only (A in Fig. 4). Their diuresis only set in during 
the second hour and remained rather low. In eight rats, intestinal fluid only was 
excreted [B in Fig. 4). In their case excretion set in only in the second hour and aU 
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the animals died, oven tliough until the fourth water treatment the amount of fluid 
excreted by them through the intestine was equal to that excreted by controls 
through the kidneys (Fig. 4). 

Effect of adrenaline. Adrenaline was administered in dosage of 0*1 mg./lOO g. body 
weight with the first dose of water and 0-05 mg./lOO g. body weight \nt]\ the second dose. 

Control animah. All animals in this group excreted urine at an accelerated rate, 
and excreted urine only. 

Mednlleciomized 7*ats. Out of eleven animals in this group only three died (tested 
39, 96 and 250 days after operation respectively), one in the first liour and the other 
two after 6 hr. Six animals excreted urine only; four excreted intestinal fluid as well 
as urine; one excreted intestinal fluid only. Excretion began in the second hour 
and then rose in a course parallel to that of the controls but in the fifth hour was 
decreased again. The 24 hr. value was lower than in the control group. 

Desoxycorticosterone acetate was administered in a total dose of 12-21 mg. per rat 
in three to four injections given over a period of 24 hr. The last injection was given 
4 hr. before the first water administration. One of the animals behaved normalljs 
two died 6 and 30 hr. from the beginning of the experiment, and one suffered shock 
but later recovered. 

NORMAL FLUID METABOLISM OF l^IEDULLECTOmZED RATS 

Male rats of about 200 g. body weight were maintained for 1 week in metabolism 
cages. The separated urines were collected and the amount of water ingested was 
measured. Animals whicli failed to learn to drink from the tube of the water flask 
\vithin a short time were eliminated from the test group. For most of the experi- 
ments a synthetic diet was supplied; in the early summer of 1941 maize meal was 
given; in spring 1942 wheat and vegetables were used. Animals on the latter diet 
showed no differences from animals on synthetic diet. All values given are averages 
calculated per 100 g. body weight. Medullectomized rats were investigated at 
varying times after operation. Tliree series of experiments were performed: the 
first in summer 1941, the second in winter 1941-2, the tliird in summer 1942. 

Controls 

The averages for water ingestion and urine excretion by the control animals are 
presented in Table 8. 

Similar amounts of urine were excreted in the two summer experiments. T^vice 
as much was excreted in the winter experiment. 

Similar amounts of water were ingested in the experiments conducted in the first 
two half-year periods. The ingestion of water in the experiment performed in the 
second summer was somewhat higher. Sham-operated rats showed the same be- 
haviour as the normal animals and are reported together with the latter in the table. 
Despite daily fluctuations in the ingestion and excretion of water a condition of 
equilibrium is clearly discernible in the controls. In no normal case was there a 
delayed rise in the water intake or urine output or a sustained maintenance of the 
increased values, apart from the increased water ingestion and diuresis observed 
during dry hot weather (khamsin) in spring ; the abnormality disappeared, however, 
immediately after a change in the weatlier. 
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Table 8. Fluid baJana^, 

ml. of water ingested per 100 g. ml. of urine excreted per 100 g. 
body weight per day body weight per day 

, ^ — ^ ‘ 

Average Average 



No. of 

No. of 

Days post‘op. 

r 

Days post-op. 


exps. 

animal Average 2—30 30-92 93—365 

Average 

2-30 

30-92 93-365 




Summer 1941 




Iiledullcctomixed 

47 

22 

6-9 6-3 7-6 — 

2*4 

1-67 

2-9 

Controls 

20 

19 

5’1 

1'03 






Summer 1942 




Medullectomized 

30 

21 

12-3 16-0 11-3 8-8 

4*9 

7-1 

4-2 30 


16 

16 

8-8 

3-6 



Controls 

10 

10 

6-6 

1*4 




6 

6 

6-6 

1*5 






Winter 1941-2 




Medullectomized 

15 

15 

6-0 

2-1 



Controls 

11 

11 

5-35 

2*18 





Besxilts of all summer experiments 




MeduiUecloTnized 

93 

59 

9-3 

36 



Controls 

36 

35 

6-1 

1*3 




Medullectomized rats. Summer experiments 

The water balance of medullectomized rats is disturbed as compared with controls 
and distinguished by an increase both of ingestion and excretion. Certain of the 
medullectomized rats yielded values which may stiU be regarded as falling within 
the normal range, but in 70% of all the medullectomized cases the fluid intake and 
output was definitely increased. This disturbance of the water balance was sustained. 

Behaviour in the first post-operative month. In the first month after operation in- 
creased water ingestion and enhanced diuresis were encountered relatively rarely 
and mostly in a relatively mild form. Rats operated in spring (Apiil-June 194:2) 
were exceptional in this respect, and yielded unusually high values. In this season 
cases of disturbance in the water balance due to the adrenal cortex were encountered. 
These cases are easily diagnosed and do not occur later than the third or fourth day 
after operation. 

Behaviour in the second and third post-operative Tnonihs. In this period pronounced 
summer polydypsia and polyuria were observed. All the experimental animals re- 
mained in good condition. Ingestion of food by the medullectomized rats was equal 
to that of the controls. 

Behaviour in fourth to twelfth post-operative months. The animal material available 
at this period was restricted, as some of the operated adult rats had succumbed after 
several months to pneumonia. The majority of surviving animals showed sustained 
disturbance of the water balance but in milder degree than in the precedinor period 
(Tables 8, 9). 

Experiments performed in winter 1941-2 

In the experimental series run in winter no difference between medullectomized 
and control animals in regard to amounts of water ingested or excreted were discerned. 
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THIRST EXPERIMENTS 

Denial of Avater for a period of 24 hr. affects medullectomized and control rats 
equally. The amount of urine excreted amounted in both cases to one-quarter of 
that recorded for the period before the i;\itlidrawal of the water supply. In conse- 
quence, excretion by thirsting medullectomized rats is higher than in thirsting con- 
trols. On restoring the water supply, the excretion values reverted to their pre-thirst 
level in both cases within a day. Drinking tests were conducted further on fasted 
rats with a view to concurrent determination of the chlorine excretion. No difference 
in chlorine excretion between medullectomized and normal rats could bo found. The 
medullectomized rats were tested 31-81 days after operation. The result of drinking 
tests on rats in a 15-hr. fast period did not deviate from findings on non -fasted 
animals. In both cases, the medullectomized rats displa 3 ^ed polydypsia and polyuria 
(see Table 10). After a 24-hr. fast, a difference between operated animals and controls 
was no longer discernible. Tliis is due to the circumstance that in normal animals so 
long fasted hunger polyuria sets in, whereas in medullectomized animals (eight ex- 
periments on animals 76-95 days after operation) this development fails to occur. 

Table 9. Late post-operative behavioxir of medullectomized rat^ 




ml. of water 

ml. of urine 




ingested 

excreted 


Date of 

Days after 

per 100 g. 

per 100 g. 

Obsorv^ntion 

operation 

operation 

body w^oight 

body weight 

period 

22. i. 42 

43- 48 

4-8 

2-6 

March 1942 


109-118 

7*8 

1-8 

May 1942 


152-157 

14*1 

6'8 

Juno 1942 


168-164 

144 

6-6 

Juno 1942 


165-173 

14*6 

8-0 

July 1942 

30. V. 41 

59- 65 

7*3 

2*8 

Siunmer 1941 


91- 92 

7-6 

3*4 

Summer 1941 


241-249 

6-6 

1-7 

Janunr3^ 1942 


346-364 

8-4 

1-4 

May 1942 


378-387 

8-7 

2*8 

Juno 1942 


Table 10. 

Drinking tests during fasting 



No. of 

No. of ml. of water ml. of urine mg. of chlorine 

Animala 

groups 

exps. 

ingested excreted in urine 

Medullectomized 

4 

11 

39*0 24*2 

11*0 

Controls 

4 

9 

21*0 12-2 

16*0 


The values liere tabulated are not referred to 100 g. body weight but are reported as per animal. 


DISCUSSION 

Medullectomized rats several days after operation evince none of the symptoms 
characteristic of adrenal cortical deficiency. They subsist on ordinarj^ diet for the 
normal life span. In susceptibility to cold or hunger they are not abnormal and they 
show no known symptoms of disturbance in carbohydrate or mineral metabolism. 
Water diuresis tests demonstrated serious disturbance of the water excretion m 
medullectomized rats during the first 4 weeks after operation. After this time their 
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diuresis undergoes some improvement but does not surpass the minimum value of 
normal animals under like experimental conditions; after a long delay, indeed, a 
relapse of the excretory condition is often observed. The shape of the excretion 
curve deviates markedly from the normal in the early post-operative stage and still 
deviates appreciably in the later stage. 

Adrenaline can lessen and even abolish the inhibition of diuresis in the medull- 
ectomized and adrenalectomized animals. Desoxycorticosterone acetate abolishes 
the inhibition in the meduUectomized animals only in the relatively high dose of 
5 mg./ 100 g. body weight. Adrenaline accelerates chlorine excretion even in normal 
animals, but does so much more markedly in meduUectomized rats, while water 
diuresis is inhibited. Desoxycorticosterone acetate does not influence the chlorine 
excretion. 

The meduUectomized animals showed, also, markedly enhanced susceptibility to 
water intoxication. In the first post-operative month, both the smaller and the 
larger water doses given were lethal to the meduUectomized rats, whereas the normal 
animals generally survived. In the meduUectomized group the treatment caused 
oedema, cramps, and severe faUs in body temperature and pulse rate, but these 
symptoms were either altogether absent or only present in a very mild degree in the 
normal group. In the meduUectomized group in the first post-operative month the 
time of water excretion was markedly lengthened. Excretion of intestinal fluid as 
weU as urine was frequently encoimtered. At periods later than 30 days after opera- 
tion the difference between medullectomized and normal animals in response to the 
lower dose of water was limited to an increase in excretion time. The condition of 
the water-intoxicated medullectomized rats could be improved raarkedl 3 ^ by adre- 
naline administration. Desoxycorticosterone acetate on the contrary was of ques- 
tionable influence. 

Data on the fluid balance of meduUectomized and normal rats under physiological 
conditions have been given. The meduUectomized animals during the first post- 
operative month showed polydypsia and polyuria in a mild form which became 
increasingly pronounced in the second and third months, and later was long sustained 
in a moderate form. These symptoms were surprisingly not encountered in winter. 
They were not affected by adrenaline administration, and in general they appear to 
he of a different nature from the disturbances hitherto mentioned. They become 
marked for example only in the second month, whereas the disturbances earlier 
mentioned were already most pronounced in the first month. Moreover, unh'ke the 
previously mentioned disturbance they are conditioned by the seasons. The causes 
of this * diabetes insipidus’ in meduUectomized rats remain obscure. 

The genesis of the pathological reactions sho\vn by meduUectomized rats during 
water diuresis and in the water intoxication test remains to be considered. The noted 
disturbances in water balance cannot be connected with disturbances in mineral or 
carbohydrate balance as is certainly partly the case in ad^enalectom 3 ^ The experi- 
mental material so far assembled permits of two possible explanations: either (1) the 

insufficiency symptoms in the water balance are due to medulla deficiency ^the 

prompt effect of adrenaline, even in smaU dosage, strongly supports this contention; 
or (2) the adrenaline effect is purely secondary, merely equalizing the shock effect 
suffered by medullectomized animals and normal rats. 
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To test the above point, six medullectomized and six control rats were compared 
in the following experiment: A loop of small intestine was exposed through a small 
incision in the abdominal wall under ether narcosis and drawn by hand for 15 min. 
through Ringer solution. The fall in body temperature due to tlie shock thus inflicted 
averaged 4*5°C. in both groups. The recovery time in the normal animals was 2-3 hr. 
Two medullectomized animals recovered in the same time span, four medullectomized 
rats showed longer recovery times. Adrenalcctomizcd rats died under the shock of 
this experiment. The difference in response between medullectomized and normal 
rats is slight and leaves little doubt that the effect of adrenaline is not merely one 
counterbalancing shock. This conclusion is further supported hy the finding that 
neither ephedrine nor caffeine and coramine influenced the reaction. It seems probable 
that the effect of adrenaline is primary and is to be interpreted as a specific hormonal 
action. Thero is still, however, a further possible explanation. Although in every 
examined case satisfactory cortical regeneration was found, regeneration of the zona 
reticularis of the adrenals was in no case recorded. The possibility is present, therefore, 
that this and the directly adjacent tissue contain a specific substance regulating 
water balance. This substance might well be related to desoxycorticosterone acetate, 
it being significant in this connexion that in water diuresis large doses of the latter 
were of undoubted influence on the water excretion of the medullectomized rats. 
Decision between the two interpretations indicated is not yet possible. 

SUMMARY 

1. Urine excretion after a single water administration is abnormally low and pro- 
longed in medullectomized rats which evince none of the known symptoms of cortical 
deficiency. After the first post-operative month, the inhibition of diuresis in the 
medullectomized rats is less marked and excretion values equal to the normal 
minimum values are recorded. The inhibition of diuresis in medullectomized rats 
and even that in adrenalectomized rats is abolished by administration of adrenaline. 
Chlorine excretion in the water diuresis tests was increased by adrenaline to a much 
more marked extent in medullectomized than in normal animals. Desoxycortico- 
sterone acetate abolishes the inhibition of diuresis only in very high doses, but does 
not affect the chlorine excretion. 

2. Medullectomized rats are far more susceptible to 'water intoxication than 
normal animals. Adrenaline diminishes and may abolish the difference in response 
between the two groups. 

3. Medullectomized rats exhibit polydypsia and polyuria in particularly pro- 
nounced form in the second and third post-operative months, and in milder form 
subsequently. These disturbances were encountered in summer and spring but not in 
winter. 

4. Possible causes of the described disturbances in water balance are discussed. 

The authors are deeply grateful to Professor Franco and Dr Ungar for pathological - 
anatomical study of regenerated tissue specimens. 
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THE NATURE OF THE HYPEROSSIFICATION OBSERVER 
IN THE LONG BONES OF RATS TREATED WITH 
EXCESSIVE DOSES OF OESTRADIOL BENZOATE 


By H. N. LIPPMAN and J. B. de C. M. SAUNDERS, From the Division 
of Anatomy^ University of California Medical Scliooli San Francisco 

{Received 6 May 1943) 

A naturally-occurring, physiological process of marrow ossification was correlated 
by Kyes & Potter in 1934 with the size of the ovarian follicle in female pigeons. 
This was perhaps the first indication that female sex hprmones had what is now 
known to be a dynamic, physiological, and pathological effect on bone. 

Body weight, as early as 1931, however, was noted by Spencer, Gustavson & 
D’Amour to be depressed as a result of oestrogen treatment. The fact that body 
growth in general was markedly depressed was later verified by innumel-able investi- 
gators [Spencer, D’Amour & Gustavson, 1932; Korenchevsky & Dennison, 1934; 
Zondek, 1936a, 19366; Freudenberger & Clausen, 1937a, 19376; Silberberg & 
Silberberg, 1939; Day & Follis, 1941]. Zondek [19366] offered the first explanation 
of this phenomenon, showing conclusively that the oestrogenic hormones depressed 
the function of the anterior pituitary to the extent of inhibiting the production of 
the growth-promoting factor of this gland. FoUey [1936] noted that the lactogenic 
factor of the pituitary was depressed under the influence of oestrogenic substance. 
Other investigators have observed that the production of the gonadotropic fraction 
is also inhibited [Leonard, Meyer & Hisaw, 1931; Meyer, Leonard, HisaAv & Martin, 
1930, 1932; Moore & Price, 1932; Selye & Friedman, 1940; Zondek, 19366]. 

As the body growth is depressed due to oestrogen treatment, so also is the weight 
and size of the experimental animal’s femur. Zondek [19366] noted a shortening of 
19% and a drop in weight of 40% in femurs of long-treated cocks. Wentworth, 
Smith & Gardner [1940] worldng with mice, however, have observed an increased 
fresh weight in the femurs of mice given high doses of oestradiol benzoate. The 
reaction to oestrogens noted in mice, as will be mentioned later, is in direct contra- 
diction to the picture in the rat and other experimental animals. That this might 
be due to species differences is suggested, but the differences in technique employed 
in assembling the various data have not as yet been ruled out. 

In addition to this marked effect on growth of bone, it has been demonstrated by 
various workers that disturbance in the ossification mechanism due to the adminis- 
tration of oestrogens also occurs. This association was noted first by Kyes & Potter 
[1934] in the pigeon and later by Kirschbaum, Pfeiffer, Van Heuverswyn & Gardner 
[1939] in the female English sparrow in relation to the natural seasonal variation of 
the activity of the ovaries. Gardner & Pfeiffer [1938] produced marked evidence of 
increased bone formation in the marrow cavities of male mice treated with high 
doses of oestradiol benzoate. Similar osseous changes on administration of this 
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hormone were noted by Pfeiffer & Gardner [1938] in the pigeon, by Silberberg & 
Silberberg [1939] in the guinea-pig, and by Zondek [19366] in the femurs and tibias 
of his oestrogen-treated chickens and rats. Sutro [1940] further verified histologically 
that increased trabeculation, and marked production of new endosteal bone in asso- 
ciation with these trabeculae, took place as a result of oestrogen treatment. 

In a chemical study of this problem, Wentworth et al, [1940] further substantiated 
their morphological findings in mice. They showed increased fresh weights, ash 
weights, and calcium and phosphorus contents of the femurs of their experimental 
animals. They also demonstrated that the percentage ash as well as the calcium- 
phosphorus ratios were increased. On the other hand. Day & FoUis [1941 ] have found 
that the picture in oestrogen -treated rats differs considerably from that in the mouse. 
Although they agree as to the increased percentage of the ash in their animals, they 
note that following 104 days of treatment, the total ash, .rather than increase, showed 
a significant decrease. In a similar chemical study in rats, we were able to sub- 
stantiate the findings of Day & FoUis. It was shown that foUowing prolonged treatment 
with oestradiol benzoate, the femurs of the treated animals contained either the 
same or a slightly decreased amount of total ash (Fig. 3). 

The serum balance of the elements important in the mechanism of bone formation 
is also disrupted by the administration of female sex hormone. Riddle & Reinhart 
[1926] noted a marked rise in serum calcium of female pigeons associated with 
ovulation. Riddle & Dotti [1936] produced significant increases in blood calcium of 
pigeons with gonadotropic hormone. The effect, they noted, could not be elicited in 
castrated animals, indicating that the action was apparently mediated through sex- 
honn one-producing tissues. Avery, Scott & Conrad [1940] doubled the serum calcium 
of immature puUets in 19 days with large doses of oestrone. Day & FoUis [1941] 
observed a marked rise in blood calcium in the oestrogenized rat. Most recently, 
Landauer, Pfeiffer, Gardner & Shaw [1941] have observed that blood calcium, 
inorganic phosphorus and the lipids rise significantly with oestrogen stimulation. 
Calcaemia and lipaemia were also noted by Landauer, Pfeiffer, Gardner & !Man [1939] 
m immature chickens treated with female sex hormones. 

Although a direct relationship has been shown to exist between oestrogen treat- 
ment and a rise in serum calcium, that this is directly responsible for the observed 
hyperossification reported has not as yet been demonstrated. 

In general, it has been observed that the animal after long oestrogen treatment 
IS more or less dwarfed in size. It has smaUer bones which present histological and 
chemical indications of so-caUed hyperossification. The bones themselves have been 
shown to contain more ash in mice and the same or less ash in rats when compared 
to controls of the same age. Smularly, the percentage ash of the de-fa tted dry bone 
has been observed to be significantly increased. The blood picture quite conclusively 
shows hypercalcaemia in several species. There is also some indication of hyper- 
phosphoraemia and hyperUpaemia. 

STATEMENT OF PROBLEM 

It is now definitely established that high long-continued doses of female sex hormones 
effect a distinct histological change in bone. Yet chemical data showing similar 
c anges in the composition of these bones have not been as clear cut as the histo- 
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logical sections might indicate would bo the case. The small number of investigations, 
complicated by the use of different species and dosage levels, tend, certainly, to 
confuse the picture. 

The object of the present investigation has been to overcome this hiatus by an 
examination not only of the inorganic elements but of factors which have not so far 
received due attention, such as water and organic content. The data herein presented 
supplement the chemical picture and liave given rise to a new interpretation ivith 
regard to the effect of high long-continued doses of the oestrogens on the long bones 
of the rat. Substantiation of previous histological observations is also offered. 
Correlation between the histological and chemical pictures has been considered. 

METHOD 

General outline 

Forty-eight immature female rats were used for this study. Of these, twenty-four 
animals were ovariectomized and the other twenty-four left as controls. Within each 
of these two main groups, twelve animals were treated daily with 125 i.u. of a-oestradiol 
monobenzoate* dissolved in 0-1 ml. of sesame oil; the other half, litter-mates of the 
former twelve in each .case, serving as the controls for the treated animals, received 
a like amount of sesame oil daily. The animals were kept in clean, dry, metal cages 
and fed an adequate diet. 

At intervals of 1, 2, 4 and 6 weeks, three animals from each of the four groups 
were autopsied. 

Specific procedmes 

(1) Ovariectomy was performed under ether anaesthesia at 22 days of age using 
an abdominal approach. Aseptic conditions were maintained as far as possible. The 
animals recovered almost completely Avitliin 2-3 hr. of the operation. The incision 
was allowed to seal overnight before further procedures Avere attempted. 

(2) On the following or 23rd day, 1*0 ml. of a hypotonic solution of potassium 
mono-acid phosphate containing approximately 15/iCurie of radioactive potency f 
per ml, was injected intraperitoneally. 

(3) Administration of the oestradiol benzoate was begun on the 23rd day, the 
experimental animals receiving 125 i.u. in 0*1 ml. of sesame oil and the controls a 
like amount of oil at the same time. Tliis daily treatment AA^as continued throughout 
the experiment. 

The hormone Avas administered subcutaneously at the nape of the neck and in 
such a manner that the least amount of back-seej)nge and loss Avould ensue. This 
was accomplished by constricting the site of injection as the needle Avas AvithdraAvn 
and massaging the oil doAvn the back. The daily massage Avas used also for the 
purpose of aiding absorption. 

(4) Body Aveights and vaginal smears were taken routinely every other day 
throughout the length of the experiment. 

(5) As indicated above, twelve animals, three representatives from each group, 
AA^ere autopsied on the first, second, fourth and sixth Aveeks after the beginning of 
treatment. 

* Received through the courtesy of the Schering Corporation, Bloomfield, How Jersey. 

t Based on standord set by the Crocker Radiation Laboratory, University of California, Berkeley. 
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The animals were anaesthetized with chloroform and bled from the heart. The 
right femur was taken for chemical and radioactive analyses. The ovaries from the 
first two groups and right tibias from all the animals were fixed in Bouin^s fluid for 
histological study. 

RESULTS 

Growth 

As in previous descriptions of the effect of oestrogens on growth, oestradiol benzoate, 
employed in this study, caused a marked depression of body-weight increase. 


C2 
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Fig. 1. Growth curves of iinoperated group demonstrating the effect 
of oestradiol benzoate on body weight. 




Days after first injection 

Fig, 2. Growth curves of ovariectomized group demonstrating the effect 
of oestradiol benzoate on body weight. 

With reference to the gimvtli curves (Figs. 1, 2), each point represents an average 
derived from the body weights of three animals. From these curves, the following 
specific observations are drawn. 

During the first week, no definite effect is noted, although by the second week 
the oestrogen-treated animals begin to show a tendency to decrease their rate of gain 
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Fig. 3, EifTect of oostrndiol bonzoato on tho constituents of the right femurs 
of normal and ovariectomizod female rats. 


Table 1. Intact rats 




Oestradiol 


Wt. of 



Rest of 



Ago at 

benzoate 


fresh 



organic 


Animal 

autopsy 

dose 

Body wt. 

femur 

IVater 

Fat 

material 

Ash 

no. 

days 

i.u. 

g- 

mg. 

mg. 

mg. 

mg. 

mg. 

B 2211 

30 

875 

61 

200 

103 

4 

41 

52 

B 2214 

30 

875 

61 

219 

116 

4 

44 

56 

W 2220 

30 

875 

66 

226 

116 

3 

46 

62 



Average: 

63 

216 

111 

4 

44 

57 

GH 2212 

30 

Oil 

69 

205 

114 

2 

42 

47 

B 2215 

30 

Oil 

69 

213 

113 

5 

43 

52 

W 2221 

30 

Oil 

64 

212 

113 

4 

42 

63 



Average : 

67 

210 

113 

4 

42 

51 

B 2226 

37 

1760 

101 

326 

151 

4 

66 

106 

W 2230 

37 

1760 

95 

284 

116 

4 

67 

108 

W 2232 

37 

1760 

95 

300 

133 

6 

60 

103 



Average : 

97 

303 

133 

4 

61 

105 

B 2226 

37 

Oil 

97 

277 

138 

4 

54 

82 

BH 2231 

37 

OU 

110 

311 

160 

6 

61 

94 

W 2233 

37 

Oil 

104 

330 

164 

4 

63 

99 



Average; 

104 

308 

151 

5 

59 

92 

B 2234 

61 

3600 

106 

314 

101 

6 

62 

145 

BH 2296 

51 

3600 

123 

410 

134 

19 

76 

181 

W 2239 

51 

3500 

102 

301 

107 

8 

59 

127 



Average: 

110 

342 

114 

11 

66 

161 

B 2236 

51 

Oil 

161 

443 

180 

7 

91 

166 

BH 2294 

51 

Oil 

149 

426 

168 

9 

85 

164 

B 2240 

61 

Oil 

143 

394 

167 

7 

80 

140 



Average : 

161 

421 

172 

8 

86 

167 

W 2241 

65 

6260 

133 

421 

126 

6 

80 

208 

W 2247 

65 

5260 

115 

337 

103 

3 

67 

164 

W 2262 

66 

6260 

138 

427 

124 

5 

81 

216 



Average : 

129 

395 

118 

6 

76 

196 

W 2242 

65 

Oil 

218 

633 

193 

6 

109 

223 

W 2248 

65 

Oil 

146 

411 

164 

4 

83 

169 

W 2264 

65 

Oil 

185 

638 

188 

5 

107 

237 



Average : 

183 

494 

178 

6 

100 

210 
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Table 2. O^^arieciomized rats 




Oestradiol 


Wt. of 



Rest of 



Ago at 

bonzoato 


fresh 



organic 


Animal 

autopsy 

doso 

Body wt. 

femur 

Water 

Fat 

material 

Ash 

no. 

days 

i.u. 

g' 

mg. 

mg. 

mg. 

mg. 

mg. 

B 2216 

30 

875 

51 

182 

93 

9 

36 

43 

BE 2254 

30 

875 

68 

230 

117 

2 

49 

63 

BH 2267 

30 

875 

54 

196 

107 

6 

41 

43 



Average : 

58 

203 

106 

6 

42 

60 

G 2217 

30 

ou 

66 

222 

122 

4 

46 

61 

BH 2255 

30 

oa 

74 

258 

146 

4 

52 

67 

BH 2258 

30 

OU 

89 

300 

162 

9 

60 

70 



Average : 

76 

260 

143 

6 

52 

69 

G 2261 

37 

1750 

80 

239 

108 

6 

47 

78 

B 2262 

37 

1750 

94 

293 

133 

5 

67 

98 

B 2264 

37 

1760 

106 

325 

156 

4 

63 

103 



Average: 

63 

286 

132 

6 

66 

93 

W 2260 

37 

OU 

81 

218 

114 

3 

43 

58 

B 2263 

37 

OU 

93 

283 

147 

6 

56 

74 

B 2265 

37 

ou 

88 

269 

144 

4 

53 

68 



Average : 

87 

257 

135 

4 

61 

67 

B 2267 

61 

3500 

117 

361 

127 

7 

68 

159 

B 2269 

51 

3500 

133 

381 

127 

7 

71 

177 

W 2271 

51 

3500 

121 

384 

130 

11 

76 

169 



Average: 

124 

376 

128 

8 

71 

168 

B 2268 

51 

on 

160 

440 

194 

8 

89 

149 

BH 2270 

61 

ou 

160 

415 

187 

7 

83 

139 

B 2272 

61 

ou 

168 

444 

19^0 

9 

89 

157 



Average: 

159 

433 

190 

8 

87 

148 

B 2273 

65 

6260 

138 

432 

142 

6 

83 

200 

BH 2283 

65 

5250 

122 

354 

116 

10 

67 

161 

\V 2287 

65 

5250 

118 

402 

121 

8 

74 

198 



Average : 

126 

396 

126 

8 

75 

186 

B 2274 

65 

Oil 

213 

593 

236 

10 

118 

226 

BH 2284 

65 

ou 

174 

439 

160 

13 

87 

178 

W 2288 

65 

ou 

219 

635 

196 

16 

106 

216 



Average: 

202 

522 

197 

13 

104 

207 


in body weight. By the third week, both the unoperated and ovariectomized animals 
treated with oestradiol benzoate weigh about 20 % less than the oil-treated controls. 
Progressively, in the fourth week, the effect is increased to about 26 % , and by the 
fifth week to 30%. At the end of 6 weeks of treatment, however, the treated 
castrated group weigh 39 % and the treated unoperated group 30 % less than the 
controls. This difference is due to the more rapid growth of the untreated castrated 
controls rather than to the more marked depression of growth in the treated castrated 
animals. 

Chemical findings 

First, it may be noted that coincident with the depression of body weight, 
described above, the femurs of the oestrogen-treated animals showed a marked 
decrease in size. By the fourth week of treatment, both the normal and ovariecto- 
niized groups shov'ed marked and directional differences in the fresh weights of their 
femurs from those of their controls (Fig. 3 and Tables 1, 2). In the former, the 
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treated animals’ femurs were about 19% liglitcr and in tlie latter about 13% lighter 
than tlieir untreated litter-mates. At tlie sixth week, tlie differences were even more 
marked, the unoperated treated animals’ bones being about 20 % and the castrated 
treated animals’ femurs about 24 % lighter than their respective controls. 

These differences in fresh femur weights might have been expected, considering 
the depression in both the size of the bone and the body weights. Less obvious, 
however, is the fact that these decreasing fresh weights are due almost solely to the 
non-asheous content of the bone, i.c. essentially the water and organic material. 

Water, it was found, showed a marked decrease in both oestrogen -treated groups. 
It may be observed from Figs. 4 and 5 that as early as the first week, there is a 
decrease in the percentage water of the fresli weight and that this decrease is pro- 
gressive up to tlie fourtli week. Tliereaftor, up to tlie sixtli week, the ratio of water 



Fia. 4. 



Fio. 6. 


Fiq. 4. Curves showing tho oflbct of oostrndiol bonzoato on tho porcontago of water 
in the frosh weights of femurs of ovarioctomizod rats. 

Fig. 5. Curves sliowing tho effect of oostrndiol benzoate on tho porcontago of water 
in tho fresli weights of femurs of unoponitod female rats, 

=f^ = Autopsy dates. 


to fresh weight is maintained and shows no further appreciable decline. However, 
the appearance of constancy in these ratios at the sixth week is fallacious, for at this 
time the non-asheous substances, particularly the organic content of the bones of 
the treated animals, is lilcewise undergoing a marked decrease wlien compared with tho 
controls. The decrease in organic content, therefore, tends to obscure the fact that 
in reality the decrease in water percentage is still progressive in the sixtJi week. 

While the fat content varies insignificantly throughout the experiment, the absolute 
weights of the remaining organic material, as mentioned above, as well as its per- 
centage of the fat-free dry bone, show a steady decrease from the fourth week in 
the oestradiol benzoate-treated as compared to the oil-treated animals. 

Since the organic material and ash are the only two constituents of tho fat-freo 
dry bone, it is obvious that as the percentage of tho organic material gradually 
decreases, the percentage ash of the fat-free diy ^veight would recij^rocally increase 
(Figs. G, 7). As a matter of fact, it can be seen from Ftg. 3 and Tables 1 and 2 that 
the absolute amount of ash actually decreases rather than increases in the oestro- 
genized animals at the sixtli week of treatment. 
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PLATE 1 








# 1 J 




Fig. 10. 


Fio. 1 1 . 


Platk 1. The efibct of chronic oxcossivo doses of oestradiol benzoate on the number, length, and thick- 
ness of the bony trabeculae and the amount of endosteal bone formation in the tibias of immature 
female rats. Fig. 8. Unoperatod control treated for G weeks with oil only. Fig. 0. Normal animal after 
G weeks of daily treatment with 125 i.u. of oestradiol benzoate. Fig. 10. G-woek ovarioctomizod oil- 
treated control. Fig. 1 1 . Ovarioctomized animal after G weeks of daily treatment with 1 25 i.u. of oestradiol 
benzoate. Magnification x 32*5. 









377 


BONE CHANGES DUE TO OESTROGEN 

It is observed that neither the absolute calcium and phosphorus weights nor their 
percentages of the ash show any significant directional variation in the treated 
animals when compared to their controls. 

The calcium and phosphorus values increase in both treated and control groups 
with the age of the animals. The ratio of calcium to ash in both groups shows, 
perhaps, a slight decrease wdth age, while the ratio of phosphorus to ash varies 
insignificantly witliin a small range from the first to the sixth week. 

The calcium-phosphorus ratio shows no significant change in either treated or 
untreated animals, but decreases slightly with age. 


Days after first injection 
Fio. 6. 

Fig, 6. Curves showing the effect of oestradiol benzoate on the percentage ash 
of the fat'free dry femurs of ovariectomized rats. 

Fig. 7. Curves showing the effect of oestradiol benzoate on the percentage ash 
of the fat -free dry femurs of normal unoperated female rats. 

4= = Autopsy dates. 

While definite conclusions concerning the effect of oestradiol benzoate on the rate 
of metabolism of radioactive phosphorus are questionable fi:om this study, there are 
certain tendencies to be noted which require farther study utilizing a larger group 
of aiiimals. It is observed that in the majority of instances, the amount of radio- 
active phosphorus present was slightly greater in oestrogen-treated animals than in 
their controls. This statement must be further modified for the second week group, 
in which, unexplainable by other data, both the untreated normals and especially 
the castrated animals showed a marked, sudden increase in metabolic activity over 
the experimental animals. While the variability and overlapping of data tend to 
minimize the significance of these findings, the impression is gained, nevertheless, 
that oestradiol benzoate treatment causes a slight increase in the metabolic rate of 
radioactive phosphorus. 

Histological and miscellaneous observations 

Plate 1, figs. 8-H, demonstrate quite definitely the so-called hyperossification 
efiiect of oestrogens on the long hones of rats. 

In both groups treated ■with oestrogen, marked trahecnlation is apparent by the 
fourth week. There is no significant increase during the first week, although in 
the second week the tendency to increased ossification is noted. By the fourth 
and sixth weeks there is a complete new organization of bony trabeculae -with 
marked increase in number, fusion, and thickening of the normally thin, sparse, bony 
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cordfl. In many cases, the treated animals showed trabeculae extending much farther 
down into the marrow cavity than in the untreated controls, thereby decreasing to 
some degree the medullary canal. The area of provisional ossification was a thick 
bony mass by the sixth week. The ossification appeared to be wholly endosteal in 
origin. 

The epiphyseal disks of both groups of oestrogen-treated animals showed a com- 
parable progressive decrease in thickness from tlie first to the sixth week of treat- 
ment, the effect diagrammatically describing a logarithmic curve. When compared 
with their respective controls, however, although the disks of the experimental animals 
were always narrower than those of their controls, these differences were less marked 
in both groups by the sixth week. 

Ovai'ian weights showed a progressive depression due to treatment Avith oestradiol 
benzoate. Both grossly and histologically the ovaries appeared immature in 
oestrogen-treated animals Avhen compared witli their litter-mate controls. 

In all treated cases, the oestradiol benzoate maintained the animals in a constant 
state of vaginal cornification, as indicated b}'' smears. This condition was modified 
by secondary effects on the uterus and vagina. For tlie first week or two, the smears 
were definitely cornified indicating the stage of oestrus; but as the effect Avas pro- 
longed, the smear became thick Avith mucus and pus and Av^as greenish in colour 
shoAving, in general, varying numbers of leucocj^tes and small epithelial cells scattered 
throughout the thick cornified cells. This state continued for the duration of the 
experiment. There Avas no apparent difference betAA^een the castrated and intact 
treated groups Avith regard to the vaginal smear. The smears of the normal oil- 
treated controls showed regular cycles folloAving the opening of the A’^aginal orifice. 
The castrated, oil-treated controls shoAA^ed smears in all stages of l. and e. (leucocytes 
and epithelial cells), varying from a few leucocytes and desquamated epithelial cells 
to many leucocytes and no epithelial cells. 

The vaginal orifices of the treated animals opened 4-6 daj^s after the start of 
treatment; those of the control animals opened quite variabl 3 ^ The normal group 
opened in 11-15 days \Adth one exception and that one animal easil}^ admitted a 
spatula at a later date indicating that the vagina Avas merely blocked by disintegrated 
strands of tissue. The castrated controls opened in 9-13 days, Avith two exceptions 
Avhich remained closed for the duration of the ex])eriment, i.e. until the}’’ Avere 
killed at 4 Aveeks. 

DISCUSSION 

The data and results herein presented have in most instances substantiated the findings 
of the majority of investigations made on this problem. Oestrogens haA’’e been ob- 
served to cause a marked depression of body-Aveight increase. The increase consistently 
observed in the percentage ash of the bones confirms the Avork of Wentworth et aL 
[1940] in the mouse, and Day & Follis [1941] in the rat. The decreased ash content 
of the femurs of oestrogenized rats observed in the later periods of treatment is 
similar in degree to that found by Day & Follis in the rat. Histologically, t])e pro- 
gressive picture of increased trabeculation and endosteal bone growth is noted. Yet, 
it is felt tliat this is not the Avhole picture. As will be discussed, additional data on 
the decrease in Avater and organic contents of the bones, due to oestrogen stijmihition, 
shoAV these factors to play a nnicli more important role than has been suspected 
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These factors, in our opinion, offer evidence of the relative nature of the hj^er- 
ossification. 

The Silberbergs [1939] have rightly observed that the effect of oestrogens on 
skeletal tissue ' . , . cannot be defined as mere ossification of the epiphyseal disks 
with subsequent cessation of growth in lengthwise direction. . .nor as hyperostotic 
osteo-sclerotic growth in the shaft and marrow cavity of the long bones \ 

The effect of oestrogens on bone is not simply a stimulation to new ossification as 
is evidenced by the above observations. If, as previous workers have suggested, the 
process were one of hyperossification per se, it would be expected that the bones 
would contain an increased amount of ash. 

Hammett [1925] first suggested the relationship between female sex hormones 
and w’ater metabolism of bone. He observed that female rats reaching physiological 
puberal development showed a significant decrease in the water content of their 
bones. That this was associated 'with ovarian stimulation by the gonadotropic hor- 
mones of the pituitary was not noted, although such an inteipretation is certainly 
not unreasonable. The diffeiential distribution of water due to oestrogen stimulation 
was observed by Zuckerman, Palmer & Bourne [1939]. They noted that skin, uterus 
and vagina showed a primary increase followed by a decrease and a secondary and 
more stationary increase in water content. Striated muscle, heart, pancreas, brain, 
and gut, on the other hand, displayed a reciprocally opposite reaction. Although 
bone was not studied, the e'ridence herein offered would indicate that it belonged 
to the latter of the tveo groups of differentially responding tissues. Our investigations 
reveal that with chronic oestrogen stimulation, there is a marked and progi’essive 
decrease in water content of the long bones of rats. In addition, the organic content 
of these bones was also noted to be significantly decreased. Wentworth et aL [1940] 
reported a decreased organic content in the bones of their treated mice, but did not 
associate this with similar de'viations in water content. The decreased organic and 
water content of the femur of the treated rat, however, are the factors which make 
the hyperossification described in that animal apparent. Also, in contradiction to 
Wentworth et al. [1940], we were not able to show any significant increase in the 
calcium and phosphorus content and the calcium-phosphorus ratios of the bones of 
treated rats. 

Therefore, in analysing the basis for the observed phenomenon of hyperossification 
in the rat, we are left Avith the one fact that the percentage ash in the bones of 
oestrogen-treated rats is constantly increased. This may he due either to an increase 
in the ash content or a decrease in the non-asheous content of these bones. We 
have shovm, however, that the ash content remains essentially unchanged in both 
treated and untreated groups, and further that the non-asheous content is decreased 
markedly in the treated animals. It vill be remembered that the gro^nh in terms of 
body weight is markedly depressed in the oestrogen-treated rat. If then we correct 
the values of the non-asheous content to the body weight in order to eliminate this 
as a factor, it is noted that the relationship of the non-asheous to the asheous content 
is essentially the same in the bones of both treated and untreated groups (Tables 3, 4). 
Graphic representation of tliis fact is seen in Pigs. 12 and 13, where it is noted that 
at the time when the greatest amount of osseous concentration is taking place — 
a ter 4 and C weeks the ratios for the controls and the ratios for the treated animals 
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corrected to body Aveight practically coincide in both the operated and unoperated 
groups. The fact that a concentration of ash takes place is not dis 2 )uted, but an 
attempt is being made to obviate those factors which make it apparent. These facts 
suggest the conclusion that the effect of oestrogens is not one of direct stimulation 
to bone growth or hy 2 )erossification but rather a decreased stimulation of bodj^ 
growth in general. TJiis 1ms been shown previously to be due to the depressing effect 
of the oestrogenic hormone on the anterior pituitary body. The depression of body 
growth is manifested in the bone as a negative water and nitrogen balance. It is 
possible that the more labile constituents of the bone will respond more readily to 
this jn’ocess than the osseous i:)ortion. Perhaps a more valid interpretation would be 
that the two processes — body growth and bone ossification — enjoy separate control, 
the former in this case being disruj^ted through the pituitary while tlie latter con- 
tinues without restriction. It is not difficult to imagine that such a process would 
result in the smaller, more compact bone seen in the animals treated with high dose 
of oestradiol benzoate. 


Table 3. hUact rats 






Katio 


Age at 

Oestradiol 

Non-nsh 

non-aah/ash : 

Animal 

autopsy 

benzoate dose 

content 

body wt. 

no. 

days 

i.u. 

ing. 

xlOOO 

B 2211 

30 

875 

148 

46*72 

B 2214 

30 

875 

163 

47*38 

W 2220 

30 

875 

104 

39-91 



Average : 

168 

44*67 

GH 2212 

30 

Oil 

158 

49*18 

B 2215 

30 

Oil 

161 

44*82 

W 2221 

30 

Oil 

159 

40*65 



Average : 

169 

46*88 

B 2225 

37 

1760 

221 

20*75 

W 2230 

37 

1760 

177 

17*34 

W 2232 

37 

1760 

197 

20*17 



Average : 

198 

19*42 

B 2220 

37 

Oil 

195 

24*03 

BH 2231 

37 

Oil 

217 

20*90 

W 2233 

37 

Oil 

231 

22*39 



Average: 

214 

22*64 

B 2234 

51 

3600 

1G9 

10*93 

BH 2295 

61 

3600 

229 

10*31 

W 2239 

51 

3600 

174 

13*49 



Average : 

I9I 

11*58 

B 2235 

61 

Oil 

277 

10*38 

BH 2294 

51 

Oil 

261 

10-68 

B 2240 

51 

Oil 

265 

12*77 



Average: 

264 

11*28 

W 2241 

65 

5250 

213 

7*697 

W 2247 

65 

5250 

173 

9-149 

W 2252 

65 

5260 

212 

7-112 



Average : 

199 

7*986 

W 2242 

65 

Oil 

310 

6*369 

W 2248 

65 

Oil 

242 

9-882 

W 2254 

05 

Oil 

301 

6-849 



Average : 

284 

7*700 



corrected to body wt, x lOUU 
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Table 4. Ovariectomized rais 


Animal 

Age at 
autopsy 

no. 

days 

B 2216 

30 

BH 2254 

30 

BH 2257 

30 

G 2217 

30 

GH 2255 

30 

BH 2258 

30 

G 2261 

37 

B 2262 

37 

B 2264 

37 

W 2260 

37 

B 2263 

37 

B 2265 

37 

B 2268 

51 

B 2269 

61 

W 2271 

61' 

B 2268 

61 

BH 2270 

51 

B 2272 

51 

B 2273 

65 

BH 2283 

65 

W 2287 

65 

B 2274 

65 

BH 2284 

65 

W 2288 

65 


Oestradiol 

Non-ash 

benzoate dose 

content 

i.u* 

mg. 

875 

139 

875 

168 

876 

153 

Average : 

153 

OU 

171 

ou 

202 

OU 

231 

Average: 

201 

1750 

161 

1750 

195 

1750 

222 

Average : 

193 

OU 

160 

OU 

209 

OU 

201 

Average: 

190 

3500 

202 

3500 

205 

3500 

216 

Average: 

208 

OU 

291 

OU 

277 

OU 

287 

Average: 

285 

6260 

232 

6250 

193 

6250 

213 

Average; 

213 

OU 

365 

OU 

261 

ou 

320 


Ratio 

non-ash/aah : 
body 'wt. 
xlOOO 

62*63 

39*44 

65-79 

65*95 

60-64 

48*22 

37*05 

45*30 

25*87 

21*10 

20*42 

22*46 

33*98 

30*49 

33*86 

32*78 

10*89 

8*726 

10-55 

10-06 

12*21 

12*49 

11*62 

12*11 

8*412 

9*802 

9*142 

9*119 

7*521 

8*419 

6*763 


Average: 


315 


7*568 




Fio, 12. Fio. 13. 

^ 10 . 12, Cur\*es showing the effect of oestradiol benzoate on. the ratio of non-ash 
to ash contents of the femurs corrected to body weight in ovariectomized i-ats. 

Fio. 13. Curves showing the effect of oestradiol benzoate on the ratio of non -ash 
to ash contents of the femurs corrected to body weight in normal female rats. 

s= Autopsy dates. 
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It is our contention, then, that the efiect of high doses of oestrogenic substances 
on bone is part of the general efiect tlie liormone has been shown to have on body 
growth, namely, depression. In the case of bone, secondary factors produce what we 
would term a secondary or relative hyperossification which when examined micro- 
scopically appears as an increased number and thickness of trabeculae; but when 
examined chemically appears merely as a relative reduction in two of the three 
main constituents of bone — namcl}^ water and organic material. 

CONCLUSIONS 

The following conclusions are drawn relating to the effects of daily subcutaneous 
injections of 125 i.u. of oestradiol benzoate in sesame oil over a period of 1-6 weeks 
into immature, unoperated and ovariectomized, female rats. 

1. Oestradiol benzoate has been shown to cause a significant progressive decrease 
in the water content of the femurs of both unoperated and ovariectomized rats. 

2. The absolute organic content of the femurs of the oestrogenized animals has 
been observed to be markedly decreased by the fourth and progressively further 
decreased by the sixth week of treatment. 

3. The ash contents of tlie femurs of oestrogen-treated rats were observed to vary 
insignificantly until the sixth week at which time they were significantly less than 
those of their oil-treated controls. 

4. Body-weight increase was markedly and progressively depressed as a result 
of treatment vdth oestradiol benzoate in both normal and castrated rats. 

5. The percentage ash of the fat-free dry femurs of oestrogenized rats showed 
progressive and significant increase over those of oil-treated controls. 

6. Markedly increased trabeculation and the formation of apparently new endo- 
steal bone by the fourth week of treatment Avith oestradiol benzoate was observed 
histologically in the tibiae of both normal and ovariectomized rats. 

7. TJie percentage calcium and percentage phosphorus of the femur ash showed 
no significant difference between treated and untreated rats. 

8. The calcium-phosphorus ratios of the femurs of oestrogen-stimulated rats varied 
insignificantly as compared to their oil-treated controls. 

9. Evidence has been presented and a discussion offered in interpretation of the 
histological and chemical picture seen in the long bones of the oestrogen-treated rat; 
an interpretation which is concluded to be presumptive evidence of the relative 
rather than absolute nature of the previously observed so-called liyperossifi cation. 
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THE PRODUCTION OF OVULATION IN THE 
IMMATURE RAT 

By I. W. ROWLANDS, From the National Instihitc for Medical Research^ London^ iV’.IK. 3 

(RcceivQd 10 June 1943) 

Rowlands & Williams [1943] recently reported that the consecutive injection of 
mare-serum gonadotrophin and cliorionic gonadotrophin would cause ovulation in 
hjrpophysectomized rats. Serum gonadotrophin was given to stimulate the growth 
of the atrophic follicles and, subsequently, chorionic and other gonadotrophins con- 
taining an excess of the luteinizing hormone were used as a means of causing their 
rupture. Ova were found in the Fallopian tubes 1-2 hr. after their discharge from 
the ovaries. Similar experiments have been carried out in the intact immature rat 
to study, in greater quantitative detail, the optimal conditions necessary for ovula- 
tion. A comparative study of the hormonal control of ovulation in different species 
seemed desirable, particularly on account of the disappointing results that have 
been frequently reported on the use of mare-serum gonadotrophin in causing ovula- 
tion in women. 

MATERIAL AND METHODS 
Gonadotrophic substances 

Two preparations of mare-serum gonadotrophin were used: (1) the International 
Standard containing 4 International Units (i.u.) per mg., and (2) PMS18, a com- 
mercial preparation containing 66-70 i.u,/mg. One commercial preparation of 
chorionic gonadotrophin (UP31) containing 200 i.u./mg. was used. 

Adminisiraiiou of gonadotrophins 

Each substance was dissolved in water and administered as a single subcutaneous 
injection. At least ten immature female rats weighing 40-50 g. were used for each 
experiment. 

Criterion of ovulation 

The occurrence of ovulation was detected by direct observation of the eggs in the 
Fallopian tubes when in the fresh condition, as described by Rowlands [1942], After 
dissection of the Fallopian tube under a binocular dissecting microscope the egg- 
containing segment was excised and the eggs, each surrounded by a dense mass of 
cumulus cells, were expressed and counted. The ovaries were fixed in Bonin’s fluid 
overnight and were weighed from 70% alcohol on a torsion balance. 

RESULTS 

The ovulation-producing capacity of mare-serum gonadotrophin 

The ovary of the immature rat weighing 40-50 g. is extremely sensitive to stimulation 
by various gonadotrophic substances, but its maximum quantitative response is 
greater to mare serum than to any other gonadotrophin [Emmens, 1940]. The 
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capacity of this gonadotrophin to produce ovulation in the immature rat, however, 
is small and is exceeded by that of extracts of horse and gelding pituitary glands 
[Rowlands & Williams, 1941]. In other species, also, not*ably the monkey [Hartman, 
1938] and man [Geist, Gaines & Salmon, 1941; Brewer, Jones & Skiles, 1942], mare- 
serum extracts are relatively ineffective in producing ovulation. In the hypophy- 
sectomized rat, according to our experience, this gonadotrophin is quite incapable 
of producing ovulation when given as a single injection. 

Table 1 shows that ovulation did not invariably occur in immature rats treated 
with amounts of mare-serum gonadotrophin var 3 dng between 2 and 60 i.u. These 
results are in striking contrast to those of Cartland & Nelson [1938], 'who obtained 
ovulation in over 90 % of a group of twenty -five rats given three injections of the 
serum extract, the rats being killed 96 hr. after the first injection. 

Table 1. The jyrodiiction of omlalion in the intact immature rat with a single injection 
of International Standard mare-serum gonadotrophin. Each group consists of ten rats 


Amount of gonado- Time when killed 


trophin injected 

after injection 

Weight of ovaries 

Ovulation 

lJ?o. of ova per rat 

i.u. 

lu*. 

mg. 

tO 

ovulating 

2 

74 

11 

0 

0 

5 

74 

21 

50 

5 

10 

42 

16 

0 

0 

10 

66 

22 

0 

0 

10 

74 

40 

0 

0 

10 

90 

21 

30 

5 

10 

114 

19 

40 

4 

10 

162 

18 

20 

1-5 

20 

74 

29 

0 

0 

20 

96 

65 

0 

0 

30 

70 

75 

10 

7 

30 

74 

70 

10 

4 

30 

78 

85 

60 

7 

30 

84 

66 

30 

7 

30 

90 

94 

30 

7 

30 

96 

93 

0 

0 

30* 

90 

64 

10 

1 

60 

74 

49 

10 

1 


* Three injections of 10 i.u. once daily. 


The experiments recorded below were designed to test whether the injection of 
chorionic gonadotrophin (luteinizing hormone) would readily cause ovulation in an 
ovary previously stimulated with mare-serum gonadotrophin (follicle-stimulating 
hormone). Similar experiments using the follicle-stimulating hormone and luteinizing 
hormone from pituitary gland have already been carried out with success on the 
anoestrous cat by Foster & Hisaw [1935], on the hypophysectomized rabbit by 
Foster, Foster & Hisaw [1937], and on the anoestrous opossum by Nelsen & White 
[1941], The latter authors conclude that a ‘proper stimulation of follicular develop- 
ment witli relatively pure F.S.H. should precede injections containing the luteinizing 
factor in order consistently to bring about ovulation in the anoestro^ opossum ’ 




1. W. 


Ovulation x^yoduccd by mavc-scrum gonadotrophin ami chorionic gonadotrophin 

Varying amonnU of inarc-scruvi gonadotrojyhin and a constant amount of chorionic 
gonadotro]}hin. Groups of ton rats were injected with varying amounts of mare- 
serum gonadotrophin. From previous experience it had been ascertained that ovula- 
tion occurs about 70-80 hr. after tins treatment, and our recent results on hypo- 
physcctomizcd rats [Rowlands & Williams, 1943] showed that a maximum period 
of 15-18 hr. is necessary for ovulation to occur following the subcutaneous injection 
of chorionic gonadotrophin. It was assumed that the same conditions would hold 
good for intact rate, so that 5G hr. after tlie injection of mare-serum gonadotrophin 
a subcutaneous injcctfon of 20 i.u. of chorionic gonadotrophin was given and 18 hr. 
later the Fallopian tubes wore examined for the presence of ova. Tlie over-all period 
of the tost was, therefore, 74 hr. The results obtained are given in Table 2. 

Table 2. The effect of a constaiit amount of chorionic gonadotrophin (20 on rats 
injected 56 hr, previously iviih varying amounts of marc-serum gonadotrophin. Each 
group consisted of ten rats and allivere killed 18 hr, after the injection of chorionic 
gonadotrophin 


Amount of eoruin 




gonadotrophin 

AVoight of ovaries 

Ovulntion 

No. of ova per rat 

i.u. 

mg. 

o/ 

/o 

ovulating 

0 

10 

0 

0 

0*25 

18 

10 

7 

0-5 

16 

0 

0 

0*75 

20 

40 

3 

1-0 

18 

80 

4 

1-5 

18 

100 

4 

2*0 

19 

100 

4*5 

2-0* 

11 

0 

0 

5-0 

22 

100 

5 

6-0* 

21 

50 

5 

10-0 

33 

90 

11 

10-0* 

27 

0 

0 

20*0 

46 

90 

14 

20-0* 

29 

0 

0 

30-0 

94 

100 

26 

30-0* 

70 

10 

4 

40-0 

45 

60 

9 

50-0 

41 

40 

5 

60-0 

55 

30 

3 

60-0* 

49 

10 

1 


* Control group injoctod with mare-sorum gonadotrophin only. 


It can be seen that the injection of as little as 1*5 i.u. of mare-serum gonadotrophin 
followed 66 lir. later by 20 i.u. of chorionic gonadotrophin caused ovulation in 100% 
of animals, whereas 2 i.u. of the serum gonadotropliin without the stimulation pro- 
vided by the chorionic gonadotrophin were comi^letely ineffective. The number of 
ova counted in the Fallopian tubes, however, remained constant at about 5 ova per 
rat, until 5 i.u. of mare-serum gonadotrophin were injected. Higher dosages caused 
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the maturation of larger numbers of follicles with the result that a larger number of 
eggs were found in the tubes. The maximum number of ova (26) produced in the 
tubes of a rat by this technique resulted from the injection of 30 i.u. of mare-serum 
gonadotrophin and 20 i.u. of chorionic gonadotrophin. 

The injection of amounts of serum gonadotrophin greater than 30 i.u. caused a 
progressive decrease in the percentage of animals ovulating and also in the number 
of ova discharged into the Fallopian tubes. It is probable that this was caused by 
over-stimulation of the follicles with the formation of follicular cysts, or by the 
action of amounts of the luteinizing hormone in this gonadotrophin sufficient to 
cause a premature luteinization of the membrana granulosa which rendered the 
follicles incapable of rupture. 

Constant amounts of marc'Serum gonadotrophin and varying amounts of chorionic 
gonadotrophin. Four groups each consisting of sixty immature rats were injected 
with amounts of mare -serum gonadotrophin ranging between 10 and 60 i.u., as shown 
in Table 3. After 56 hr. each group was divided into six equal subgroups, five of 
which were injected with varying amounts of chorionic gonadotrophin. All rats 
were lulled 18 hr. later and the Fallopian tubes examined for the presence of eggs. 

Table 3. The effect on ovulation of varying amounts of chorionic gonadotrophin in rats 
injected, 56 hr, previously, with constant amounts (10, 20, 30 and 60 'i.w.) of mare- 
serum gonadotrophin. Each subgroup consisted of ten rats and all were killed 18 hr, 
after the injection of chorionic gonadotrophin 

Amount of International Standard mare-serum 
gonadotrophin injected (i.u.) 


PMS18 (i.u.) 


Amoimt 
of f 


10 

X 


20 

A. 


30 


60 

JL 


30 

A 

chorionic 

gonado- 


Ko. of 
ova 


No. of 

ova 


No. of 
ova 


No. of 

ova 


No. of ' 
ova 

trophin 

Ovula- 

per rat 

Ovula- 

per rat 

Ovula- 

per rat 

Ovula^ 

- per rat 

Ovula- 

per rat 

injected 

tion 

ovu- 

tion 

ovu- 

tion 

ovu- 

tiou 

ovu- 

tion 

ovu- 

i.u. 

0/ 

/o 

lating 

0/ 

/o 

lating 

% 

lating 

% 

lating 

% 

lating 

0 

0 

0 

0 

0 

10 

4 

20 

2 

0 

0 

2 

0 

0 

0 

0 

10 

10 

10 

3 

50 

16 

5 

0 

0 

10 

12 

40 

12 

0 

0 

50 

10 

10 

100 

10 

100 

7*5 

70 

27 

10 

1 

90 

13 

20 

100 

S 

90 

14 

100 

26 

0 

0 

100 

23 

40 

100 

12 

90 

17 

100 

23 

30 

5 

100 

26 

The data given in Table 3 
< 1 ^ . 

show that although chorionic gonadotrophin 

contains 


the factor necessary for the production of ovulation, the extent of ovulation, that is, 
the number of ova discharged into the Fallopian tubes, is determined by the amount 
of serum gonadotrophin previously administered. The average number of ova found 
in the tubes of those rat^ treated wdth 10, 20 and 30 i.u. of serum gonadotrophin 
and with an amount of chorionic gonadotrophin sufficient to produce 100% ovula- 
tion w^as 10, 13 and 25 respectively. With one exception doubling or even quadrupling 
of the dosage of the latter hormone did not significantly increase in the number of 
eggs released from the ovary. Superovulation w^as caused by the administration of 
30 i.u. of serum gonadotrophin and 10-40 i.u. of chorionic gonadotrophin, and a 
similar result was obtained by the use of the same amount of another preparation 

BB 
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(PMS18) of soruni gonndotropliin. The injection of GOi.n. of mnre-sorum gonado- 
trophin stimulated the ovaries to such an extent that subsequent ovulation by 
chorionic gonadotrophin was almost completely inhibited. 

Varying intervals between the injection of constant amoimts of both scrnni and chorionic 
gonadotrophvis. In all the oxiJerimcnts so far described 6G hr. elapsed between the 
administration of serum and chorionic gonadotrophins. This interval was chosen for 
the reason previously given (see p. 38G). Although satisfactory results Avere obtained 
it seemed desirable, nevertheless, to ascertain the effect of varying this interval, 
particularly as this should yield some information on the time required by a known 
dose of mare-serum gonadotrophin to bring the Graafian follicles of the rat ovary to 
maturit 3 ^ Experiments AA^ere therefore carried out in Avhich 10 i.u. of mare-serum 
gonadotrophin Avere folloAved, at interAmls of 0-144 hr., by 20 i.u. of chorionic gonado- 
trophin. All animals AA'ero killed 18 hr. later. The results are given in Table 4. 

Table 4. The effect on ovulation of varying the interval between a constant dose of 
mare-serum gonadotrophin (10 i.u.) and a constant dose of chorionic gonadotrophin 
(20 i.u.). Each group consisted of fen rats and all were killed IS hr. after injection 
of chorionic gonadotrophin 

Timo botwooti 
injection of serum 


Interval botwoou 

gonadotrophin 




injections 

and killing 

^Voight of ovaries 

Ovulation 

No. of ova per rat 

hr. 

hr. 

mg. 

/o 

ovulating 

0 

18 

22 

0 

0 

8 

26 

22 

20 

2 

18 

36 

21 

30 

1-6 

24 

42 

21 

60 

4 


42* 

16 

0 

0 

32 

50 

33 

80 

11 

48 

66 

31 

90 

5 


66* 

22 

0 

0 

66 

74 

40 

100 

8 


74* 

40 

10 

4 

72 

90 

36 

SO 

7*5 


90* 

21 

10 

6 

96 

114 

33 

90t 

3 


114* 

19 

50 

4 

144 

162 

22 

20 

6 


162* 

IS 

20 

1-5 


♦ Mnre-sorum gonadotrophin only. 

f In only 60% of this group was ovulation recent and attributable to the effect of injection of 
chorionic gonadotrophin. 

Ovulation did not occur when both substances were administered siniultaneousi}" 
(interval = 0 hr.). The occurrence of ovulation in some of the rats injected at 
intervals of 8~18 hr. indicated the rapidity with which serum gonadotroj^hin acts 
on the ovaries of the immature rat. The optimal interval between the injections for 
the induction of ovulation was 4S-72 hr.; the best result was obtained with a 66-hr. 
interval. All the controls of groups with injection intervals of 24, 48 and 72 lir., 
killed at 42, 66 and 90 hr. respectively, failed to ovulat/C, but in the next control 
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group, killed 114 hr. after injection with mare-serum gonadotrophin, 50% of the 
rats had ovulated. In the corresponding group injected with chorionic gonadotrophin 
after 96 hr. and killed at 114 hr., although ova were found in 90% of the rats, it is 
probable that in only 60 % did ovulation occur in response to chorionic gonadotrophin. 
In the remaining four rats, the eggs, which were scattered along the entire length of 
the Fallopian tubes, were free from corona radiata and adhering cumulus cells, and 
several showed signs of degenerative fragmentation. It is concluded, therefore, that 
ovulation in these rats had occurred in response to mare-serum gonadotrophin before 
the injection of chorionic gonadotrophin. In one of the two rats injected with 
chorionic gonadotrophin 144 hr. after the serum gonadotrophin, the eggs were in the 
same condition and position as those described above, so that only one of the ten 
rats treated in this manner ovulated as the result of injection of chorionic, gonado- 
trophin. It is obvious, therefore, that when the interval is greater than 72 hr. the 
capacity of the follicles, stimulated with mare-serum gonadotrophin, to ovulate in 
response to a subsequent injection of chorionic gonadotrophin is greatly diminished. 
It is probable that this is caused by degenerative changes in the mature follicles. 

Time of ovulation 

In hypophysectomized rats, similarly treated with mare-semm and chorionic 
gonadotrophins, it was found that ova began to appear in the Fallopian tube about 
14 hr. after the subcutaneous injection of chorionic gonadotrophin. A comparable 
experiment was carried out in intact rats, the results of which are shown in Table 5. 

Table 6 . Time of ovulation. All rats were injected with 20 i.u. mare-serum gonadotrophin 
and again 56 hr. later with 40 i.u. chorionic gonadotrophin (UP 31) 


Time when killed after 


No. of rata with 


injection of UP31 

Weight of ovaries 

ova in tubes 

Average no, of ova 

hr. 

mg. 

% 

per rat ovulated 

12 

41 

10 

1 

14 

46 

50 

11 

16 

33 

100 

20 

18 

40 

100 

» 27 


Four groups, each consisting of ten rats, were injected with 20 i.u. of mare-serum 
gonadotrophin, and 56 hr. later they aU received an injection of 40 i.u. of chorionic 
gonadotrophin. The groups were MUed at 2-hourly intervals 12—18 hr. afterwards. 
Ova were present in the tubes of aU rats in the group killed at the 16th hr. In the 
hypophysectomized rat the eggs first appear in the FaUopian tubes about 1 hr. after 
their release from the ovary. Assuming that the rate of transit of the ova is the 
same in the intact rat, then ovulation occurred about 15 hr. after the administration 
of the chorionic gonadotrophin. 

DISCUSSION 

The experiments described above have had as their main object the determination 
of the optimal conditions for follicular growth and the induction of ovulation in the 
intact immature rat by means of the most readily available gonadotrophic hormones, 
viz. mare-serum gonadotrophin and chorionic gonadotrophin. The changes in the 
ovary necessary for the occurrence of ovulation have been brought about to a large 
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extent in two indeiDondont stages, i.o. follicular maturation has been induced by 
maro-serum gonadotrophin (follicle-stimulating hormone) and the rupture of the 
ripe follicles by chorionic gonadotrophin (luteinizing hormone). Efforts to produce 
both these changes in the rat by mare-sorum gonadotrophin alone have met with 
little success in spite of the findings of Cartland & Nelson [1938], In my experience, 
mare-serum gonadotrophin is deficient in the particular activity necessary for the 
occurrence of ovulation in the rat, and it is conceivable that the disappointing results 
obtained in man might bo explained on this basis. Nevertheless, this gonadotrophin, 
in the correct dosage, serves admirably to bring about follicular maturation in the 
rat, and it was found that if chorionic gonadotropliin be injected subcutaneously 
48-72 hr. later, ovulation occurs in 100% of the test animals. If a longer interval 
between the injections elapses, the number of animals in which ovulation occurs 
decreases. Follicular maturation occurs in 48-72 hr. and corresponds to the rate of 
follicular growth in the normal oestrous cycle of the adult rat [Long & Evans, 1922]. 
It may well be, therefore, that for the induction of ovulation the follicles should be 
stimulated at the rate which is natural for the normal adult animal of the same 
species. In the rat it is not known whether supra-optimal doses of serum gonado- 
trophin cause an accelerated rate of follicular maturation, but it was found that 
such doses, when followed in 2-3 days’ time by chorionic gonadotrophin, had caused 
an over-stimulation which had prevented the release of all but a few ova. 

A comparison with the results obtained by the use of hypophysectomized rats 
[Rowlands & Williams, 1943] shows that a greater amount of serum gonadotrophin 
is required to cause follicular maturation in ovaries rendered atrophic by hypo- 
physectomy. Moreover, the time taken to cause follicular maturation in the hypo- 
physectomized rat is nearly twice as long as it is in the intact rat. The amount of 
chorionic gonadotrophin required by the hypophysectomized rat to produce the 
maximal effect is also greater than that needed by the intact rat. This could be 
accounted for by the absence of any endogenous gonadotrophic (luteinizing) hormone 
from the circulation of the hypophysectomized rat. The intact rat probably contains 
a small amount of this hormone which, although not sufficient to cause ovulation by 
itself, augments the action of similar hormone (chorionic gonadotrophin) administered 
by injection. The maximum numbers of ova discharged in both test animals are 
very similar. 

SUMMARY 

1. The induction of ovulation in intact immature rats by the consecutive adminis- 
tration of single subcutaneous doses of mare-serum gonadotrophin and chorionic 
gonadotrophin is described. 

2. Serum gonadotrophin, although effective in producing follicular growth, had 
only a limited capacity to produce ovulation. 

3. Ovulation (10 ova/rat) was induced by 10 i.u. of serum gonadotrophin followed 
48-72 hr. later by 10 i.u. of chorionic gonadotrophin. Superovulation was produced 
when the dose of the serum preparation was increased to 30 i.u., but further increase 
caused over-stimulation in the ovary which prevented the discharge of the ova from 
the follicles. Ova appeared in the Fallopian tubes 14-16 hr. after the injection of 
chorionic gonadotrophin. 

4. The responses in intact and hypophysectomized rats are compared. 
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The preparation of mare-serum gonadotrophin, PMS18, was kindly supplied by 
Lovens Keraiske Fabrik, Copenhagen, and the chorionic gonadotrophin, UP 31, by 
Organon Laboratories Ltd. 
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ADDITIONAL STUDIES OF THE EXTRATHYROIDAL 
METABOLISM OF IODINE 


By A. CHAPMAN, G. M. HIGGINS and F. C. MANN, From the Division 
of Exjyeriinental Medicine^ Mayo Fomxdaiiont Itochestery Minnesota 

{Received 11 June 1943) 

Data reported from tliis laboratory [Chapman, 1941] showed that thyroidectomized 
animals receiving large amounts of iodine lost less weight, utilized their food better, 
drank less water and had a higher basal oxygen consumption than those which 
received small amounts of iodine. The conclusion was indicated that iodine may 
play a role in body metabolism, in the absence of the thyroid gland. 

In that initial study [Chapman, 1941], the thyroids were removed before the 
animals were placed on the experimental low-iodine diet. In a subsequent study, 
leading to this report, all animals were placed on the experimental diets for 96 da3^s 
before their thyroid glands were removed. 

METHODS 

Twenty male rats of a Wistar strain, aged 8 weeks, were placed on a low-iodine diet 
as described by Remington [1937], All animals were given distilled water to drink, 
but a supplement of 1*6 /xg. of iodine, as potassium iodide, was added to each cubic 
centimetre of the drinking water of ten of them. All twenty animals were maintained 
on this diet for 96 days. Complete thyroidectomy was then performed on five of 
each group of ten and a sham operation was performed on the rest. 

One hundred and twenty-six days after operation the experiment was concluded. 
The weights of all animals were recorded at the beginning of the experiment, at the 
time the operation was performed, and at the end of the experiment. By means of a 
closed-circuit apparatus, such as was used in the first experiment [Chapman, Baldes 
& Higgins, unpublished data], the basal oxygen consumption was determined at the 
end of the preoperative control period and six times during the postoperative period. 

RESULTS 

After 96 days on the low-iodine diet those animals which received the dailj’' supple- 
ment of iodine as potassium iodide in their drinking water were not significantly 
heavier than those on the diet alone (Table 1). Thus, in intact animals, the growth 
curve was not greatly modified by the amounts of iodine consumed. 


Table 1. Effects of iodine intake on normal growth 




Average weight of animals in g. 

JL 



At beginning 

After 95 days; just 

Diet 

Animals 

of exp. 

before thyroidectomy 

Low iodine plus supplemental iodine 

10 

78‘6±l-7* 

236-6±5'l 

Low iodine 

10 

78‘7±L3 

223-2 ±4-0 

♦ Probable 

error of the 

mean. 
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Not all animals survived the postoperative period of 126 days. Two died in the 
group which was fed the diet plus the supplemental iodine: one in the control 
group, in which a sham operation had been performed, and one in the thyroid- 
ectomized group. Likevdse two died in the group wliich was fed the unsupplemented 
lowdodine diet. Both of these had been thyroidectomized (Table 2). Thus, at the 

Table 2. Effect of intake of iodine on weight of thyroidectomized 
and non-ihyroidectomized animals 

Mean weight of animals in g. 


Diet 

Condition 
of animal 

Animals 

At 

operation 

126 days after 
operation 

Animals 

surviving 

Low iodine plus supple- 

Intact 

5 

225-8 + 6-1* 

333*7 ±9-2 

4 

mental iodine 

Sham operation 
Tliyroidectomized 

6 

247*2 + 6*7 

261*7±8*2 

4 

Low iodine 

Intact 

5 

218*4±3*3 

326-4 ±5-6 

6 


Sham operation 
Thyroi dectomized 

5 

228*0+8*3 

178*3 ±7*1 

3 


* Probable error of the mean. 

conclusion of the experiment, of those animals which received the larger amounts of 
iodine, four of the control animals and four thyroidectomized animals were alive. 
Of those animals given the reduced amounts of iodine, all five of the controls and 
three of the thyroidectomized animals were alive. 

In computing the changes or increases of the weights of the animals during the 
postoperative period, the average preoperative weight of those animals which were 
alive when the experiment was terminated was determined. These average weights 
do not appear in the table. Of the control animals, on which a sham operation had 
been performed, those receiving the higher levels of iodine gained 105-7 + 11-8 g. 
during the postoperative period. Those which ate the diet with the smaller amounts 
of iodine gained 108-0 ± 6*4 g. Thus the daily iodine intake was without significant 
effect on the rate of growth of the control animals. Differences of growth rates, due 
apparently to the levels of iodine intake, were recorded, however, for thyxoidecto- 
niized animals. Thyroidectomized animals which received the high levels of iodine 
daily gained an average of 25-2 + 5-8 g., while those which received the lower amounts 
of iodine lost an average of 46-4+ 13-2 g. A comparison of the average increase of 
the weight of one group with the marked average decrease of the weight of the other 
group yields a difference of 71-6 + 14-4 g., a difference statistically significant. 

Determinations of respiratory metabolism were recorded before the operation and 
at six times during the postoperative period. The preoperative determinations and 
three of the postoperative ones are included in Table 3. At the end of the pre- 
operative period of 95 days there were no significant differences of the average 
caloric output between those animals given high levels of iodine and those given 
low levels. The caloric output of the control animals, on which a sham operation 
had been perforined, decreased slightly from preoperative levels during the 126-day 
postoperative period. The caloric output of control animals receiving the higher 
amounts of iodine decreased 5*1 + 0-9 cal./hr./sq.m. of surface during that period, 
'\hile the output of those on the lower levels of iodine decreased 9-2 ±3-1 cal. from 
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Table 3. Effect of intake of iodine on caloric output of thyroidectomized 
and non-tliyroidcctomized animals 

Avorago cnlorios por hour por square metro of surface area 


After operation 



Before 

Ani- 

r 

Condition of 


Ani- 


Ani- 


Ani- 

Diet 

oporotion 

mals 

animals 

10 days 

mals 

09 days 

mals 

12G days 

mals 

Low iodino 

48‘0±0-9* 

10 

Controls 

40-9±L0 

U 

44-7 ±0-9 

5 

43*6±0-2 

3 

plus supple - 
mental iodino 



TlijToid- 

octomizod 

39*1 ±0'5 

5 

30-7 ±1*2 

5 

33-1 ±1-6 

4 

Low iodino 

40-1 ±1-6 

0 

Controls 

44-2±l-0 

4 

39-9±0-8 

4 

39-9 ±2-7 

4 




Tliyroid- 

34-1 ±2-2 

3 

24-2 ±1*7 

3 

20-7 ±0-9 

3 


octomizod 

♦ Probable error of tlio moan. 


the preoperative average caloric output. But on the 126th postoperative day there 
was no significant difference between the average caloric output of the control 
animals given high iodine (43*6 ± 0*2) and that of the control animals given low iodine 
(39-9 ±2*7) (Table 3). 



Fiq. 1. Basal caloric output at six postoperative intervals of intact control animals, on which a sham 
operation had been performed, and thyroidectomized animals on the high and low levels of iodine intake. 

Significant differences of the average caloric output with reference to the iodine 
intake occurred, however, among animals which had been thyroidectomized. Among 
such th 3 T:oidectomized animals given high levels of iodine, the caloric output on 
the 126th postoperative day was 15*5 ± 1-7 cal. less than the average preoperative 
determination for that group. Among such animals given low levels of iodine, the 
caloric output on the 126th postoperative day was 22*4 ±1'7 cal. less than their 
average preoperative determinations. The diff^erence between the average caloric 
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output of the thyroidectomized animals given high iodine and of those given the 
low amounts of iodine, on the 126th postoperative day, was 6*4 4: l-T cal./sq.m./hr. 
This difference is statistically significant (Table 3). 

CO^IMENT 

The data obtained in this study confirmed those reported previously [Chapman, 
1941]. The influence apparently exerted by iodine on the body weight, during the 
growth period, and on the basal metabolism in thyroidectomized animals suggests 
that iodine may serve a physiological function similar to that attributed to thyroid- 
processed iodine. Abelin [1934] was among the first to produce substances, which 
had a thyroxine -like activity, by the in vitro iodination of protein. He concluded 
that the question of whether the thyroid cell possesses the exclusive ability to utilize 
iodine or whether this ability may be shared by other cells of the body remained 
unanswered. From our data it appears that perhaps somatic cells, as well as those 
comprising the thyroid gland, may utilize iodine and induce thereby a thyroxine -like 
effect. 

Curtis [Personal communication to the authors] has demonstrated the presence of 
a high concentration of iodine in primitive organisms which do not possess a localized 
thyroid organ. He showed further that, among higher animals which do possess a 
specialized tissue for the efficient processing of iodine, the concentration of iodine in 
tissues exclusive of the thyroid is relatively low. Gorbman & Greaser [1942] have 
demonstrated that the endostyle of larval lampreys, a primitive anlage of thyroid 
tissue, selectively concentrates iodine. 

It may be that body tissues, other than the thyroid, have retained a primitive 
ability to utilize iodine, although in a much less efficient manner than does the 
specialized thyroid tissue. The maintenance of the experimental or clinical subject 
m which thyroid function is lacking at a metabolic level which is compatible vdth 
life may depend on this primitive mechanism still resident in some cells.* 


Str&IMAEY 


Normal young rats were fed a low-iodine diet for 95 days. Half of them received 
1*5 /ig. of iodine as potassium iodide in each cubic centimetre of their distilled 
prinking water. On the 95th day those animals which received the supplemental 
iodine were not statistically heavier than those which received the low daily amounts 
of iodine. 


Half of all animals receiving low amounts of iodine, and half of those receiving 
the added amounts of iodine, were thyroidectomized on the 95th day. All others 
served as controls, on which sham operations were performed. The period of obser- 
vation extended for 126 days after the operation. There were no statistically signi- 
cant differences between the average weights of the control animals on the higher 
cvels of iodine intake and those receiving the lower amounts. In intact animals 
t e amount of iodine taken daily did not influence the rate of growth. A significant 


Re’ h ^ naanuscript had been prepared for publication the interesting paper by Xtorton, Chaikoff, 
mav ^ ^ ^Anderson [1943] appeared. Using radioactive iodine, these authors concluded that thyroxine 
fCha P^°^ced in the thyroidectomized animal, and thus supported the conclusions of one of us 
pman, 1941]. Their results are in accord with the conclusions reached in the present study. 
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difference, however, was observed in the average weiglit, on the 126th postoperative 
day, between the thyroidectomized animals given larger daily portions of iodine and 
those fed only the low-iodine diet. Tliyroidectomized animals given supplemental 
iodine gained 26*2 ± 6-8 g., while the unsupplemonted thyroidectomized animals lost, 
during the same period, 4G-4± 13*2 g. 

The average caloric outputs, calculated from oxygen consumption, of both control 
groups, receiving either the high or the low amount of iodine, were lower on the 
126th postoperative day than before the operation. The averages, however, were 
statistically alike. When caloric outputs obtained from thyroidectomized animals 
were compared, it was evident that higher caloric values obtained in animals which 
received the larger portions of iodine. 

The conclusion was again reached from data assembled on the weights of the body 
and from metabolic rates that iodine may be utilized by the body in the absence of 
the thyroid gland. 
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ATELEIOTIC DWARFISM WITH NORMAL SEXUAL 
FUNCTION: A RESULT OF HYPOPITUITARISM 

By T. F. hewer, From fhe Department of Pathology, University of Bristol 
{Received 8 Angusl 1943) 

The general classification of dwarfs is in many ways unsatisfactory. The group of 
ateleiotic dwarfs, as described by Hastings Gilford [1911], comprises some who 
are infantile, some progeric and some sexually mature. Rischbieth [1912] says that 
ateleiotics are usually infantile and sterile but that this is by no means invariable. 
Moreover, the condition is familial. After reviewing a number of different hypotheses 
that have been advanced to account for the occurrence of ateleiosis Rischbieth 
expresses the view that a defect of the pituitary is the most likely explanation, 
although any positive evidence on that score is lacking. There would seem, therefore, 
to be no distinction between ateleiosis and some forms of hypopituitary dwarfism. 

Shelton [1938], in a discussion of pituitary dwarfism, draws attention to the fact 
that while most hypopituitary dwarfs show signs of general dysfunction of the gland 
and are sterile, some are fertile. He suggests the possibility that such persons might 
be found, at autopsy, to lack acidophil cells in the pars distalis. I have been unable 
to find any record of such a finding' and for this reason believe the following case 
worthy of publication. 

DESCErpnoN 
Case report 

A female dwarf aged 76 was found (1 November 1942) collapsed in her room. She 
was apparently a mental defective and lived in great squalor in a slum dwelling with 
some fiiends. 

On inquiry, it was found that she had one illegitimate child, a woman aged 40, 
who was in a home for mental defectives. This woman was traced and found to be 
O' high-grade mental defective of a happy disposition. Her height was exactly 6 ft. 
and she showed no apparent skeletal abnormality. She, like her mother, had some 
hair on the upper lip and a few hairs on the chin. Her eyebrows and head hair were 
dark and abundant. Her menstrual history was normal. 

On admission to hospital the dwarf was cold, grey and almost pulseless. She had 
fever, and indefinite signs in the lungs. Urine normal. Blood w.e. negative, c.s.f, 
normal, b.p. 175/90. Died 13 November 1942. 

Autopsy report 10 hr. after death 

A poorly nourished old woman of spare build, 3 ft. 11 in. in height. Sabre-like 
deformity of tibiae with sharp anterior margins. Radial deviation of terminal 
phalanges of index fingers but no other skeletal abnormality. The long bones were 
slender and the epiphyses not enlarged. A little dark hair on the upper lip but no 
real hirsutism. Eyebrow hair abundant, with normal distribution. Head hair very 

ick. Death was due to a Staphylococcus aureus bronchopneumonia following 
coronary occlusion. Considerable coronary and cerebral atheroma. Some senile 
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itrophy of the brain ; no lesions in the hypothalamic region. A large chronic gastric 
jlcer and a small lipoma in the wall of the jejunum were incidental findings. .The 
items and adnexa were normal for a woman of this age. 

Endocrine organs 

pUnitary body weighed 0*31 g.; on gross section the only apparent abnormality 
^vas its small size, but histological study of sections showed extremely few alpha 
[acidophil) cells. The posterior lobe showed no abnormahty. Sections were stained 
ivith Gallego’s carbol-fuchsin orange G aniline blue and by various other polychrome 
staining methods. Unfortunately, the fixation, in formalin, was not perfect, and a 
proper differential cell count by the method of Rasmussen [1929] was not practicable. 
A. general impression gathered from study of many horizontal serial sections through 
bhe gland may perhaps be strengthened by the result of a count of a total of 2000 
cells from six different areas. This count gave results as follows : chromophobe cells 
90*85%, alpha (acidophil) cells 0*2% and beta (basophil) cells 8*95%. In Ras- 
mussen’s series of non-pregnant women between the ages of 16 and 84 the percentage 
3f alpha cells varied between 19 and 58. The alpha cells in the case now reported 
TOre not only few in number but poor in quality. They were small, measuring aroimd 
9 ja in diameter. The granules were scanty and irregularly grouped, and the cytoplasm 
of some of them was vacuolated, an unusual finding in alpha cells. These vacuolated 
cells tended to be larger than the others but none exceeded 1 1 /x in diameter. The 
diameter of the beta cells varied between 11 and 20 /x, the majority being about 14/x 
in diameter. The cytoplasm of these cells was considerably vacuolated but not 
abnormally so for an aged woman. The chromophobe cells showed no abnormality, 
all being of the small type. A normal amount of colloid was present in the pars 
distalis. The pars intermedia was represented by simple clefts; wandering beta cells 
were present in small numbers and showed no abnormality. 

The pineal body looked a little larger than normal, measuring 10 x 9 x 6 mm., but 
sections showed no abnormality. 

The thyroid gland though sma;ll was symmetrical, and its size bore approximately 
the normal relationship to that of the larynx. Histologically the acini were very 
poorly formed, the majority being very small and irregular. The few larger acini 
were lined with flattened epithelium and deficient in colloid. There were no vascular 
changes and no abnormal collections of lymphocytes. 

The thymus was entirely atrophied. 

The adrenals together weighed 5*4 g. and were clearly small but in proportion to 
the size of the kidneys, each of which weighed 65 g. On gross examination no abnor- 
mality was noted. The cortex was not nodular. Histologically most of the cortical 
cells were small and dark staining ; a few contained small vacuoles of lipid, most of 
which was anisotropic, crystalline and sudanophobe. The medulla showed no change. 

DISCUSSION 

The tibial deformity might possibly have been due to early rickets but there was no 
other sign to suggest this diagnosis, and in view of the findings in the pituitar}^ gland 
it is clear that the dwarfism was of pituitary origin. The case would have been of 
greater interest if death had occurred before the menopause because at the age of 76 
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the genital organs arc naturally atrophied and the thyroid gland may perhaps be 
expected to show senile involution. It would be unndse, in the absence of any 
physical indication of rayxoedema, to claim that there was a lack of thyrotropic 
hormone. 

The existence of a daughter of normal stature, albeit mentally defective, is proof 
of normal sexual function and presumably normal genital structure when the patient 
was aged 36. Her dwarfism was apparently of pituitary origin, and at autopsy her 
small pituitary gland w’as grossly deficient in alpha cells. 

In thirty normal postmenopausal glands Biggart [1935] found an insignificant re- 
duction of their alpha cells, 46% as against 50% in a series of ten normal pre- 
climacteric glands. This shows that senile involution cannot be held responsible for 
the extreme reduction (0-2 %) in alpha cells in this case. 

In a strain of mice investigated by Snell [1929], Smith & Macdowell [1930, 1931], 
Kemp [1933, 1935, 1938], Kemp &; Marx [1936, 1937], and De Beer & Gruneberg 
[1940], a rather similar condition has been found. These mice developed, as a muta- 
tion, a recessive ilendelian factor for dwarfism. They had complete, or almost com- 
plete, absence of acidophil pituitary cells, and biological examination of their 
pituitaries showed that they lacked the growth hormone but contained some gonado- 
tropic hormone, although they were sterile. The reproductive organs of these mice, 
especially the males, were further developed than those of hypophysectomized rats 
and pituitary transplants readily rendered them fertile. In these mice there was a 
deficiency of growth hormone and to a lesser degree of gonadotropic hormones, 
associated with a gross deficiency of alpha cells. 

It is generally conceded that the alpha cells produce the growth hormone, and it 
seems that the beta cells are concerned with the production of gonadotropic hormones. 
Severinghaus [1938] has showm that there is an increase in the number of beta cells 
in castrated animals and suggests that the increased gonad-stimulating potency of 
the anterior hypophysis of these animals is due to gonadotropic activity of the beta 
cells ; but. he believes, on the basis of other experimental work, that the alpha cells 
are also involved in the gonadal relationship. The observations on Snell’s mice- 
support this view, while the findings in the human case reported in this paper show 
that there may be a very great deficiency of alpha cells, enough to cause dwarfism, 
without precluding the possibility of pregnancy. 

stnvnMAEY 

The case is reported of a dwarf senile woman who had a child at the age of 36. At 
autopsy her pituitary gland showed a deficiency of acidophil cells. 

My grateful thanks are due to Dr N. G. B. McLetchie who has examined some of 
my sections of the pituitary after staining them by some methods that he is now 
publishing [1944]. Some of his observations on the histology are incorporated in my 
report. My thanks are also due to Professor C. Bruce Perry for the use of his clinical 
Jiotes and to Dr Datta for allowing me to see the patient’s daughter, who is an inmate 
of the Stapleton Institution. 
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OBSERVATIONS ON THE OESTROGENIC POTENCY 
OF STILBOESTROL IN THE GUINEA-PIG 


By P. BACSICH and G, M. WYBURN, From the Department of Anatomy, 

University of Glasgow 

(Received 29 October 19iS) 

Included in the uterine changes which occur in the guinea-pig during normal oestrus 
is a relative hyperaemia at the antimesometrial border of the bicomate uterus 
[Bacsich & Wybum, 1940], and as a similar vascular response has been induced in 
spayed animals by treatment with oestradiol monobenzoate [Bacsich & Wybum, 
1941] it can be considered as a characteristic of oestrogenic activity. In this work 
it was also shown that, while vaginal opening, comification, increase in uterine weight, 
and all the so far recognized histological featmres of a typical heat response of the 
uterus can be elicited in practically 100 % of spayed guinea-pigs by a comparatively 
simple administration of oestradiol monobenzoate, for the successful display of the 
cyclic vascular change of the uterus with any reasonable certainty, a more specialized 
treatment, including preliminary priming with small doses, is necessary. Moreover, 
it was demonstrated that the antimesometrial hyperaemia is an oestrogenic response 
of the adult uterus and cannot be induced in immature guinea-pigs with either 
oestrogenic [Bacsich & Wybum, 1942 a] or gonadotropic [Bacsich & Wybum, 19426] 
stimulaiion. This relative hyperaemia involving the antimesometrial part of the 
uterus seems to us, therefore, to provide a sensitive and specific test of oestrogenic 
activity, and as such has been utilized in these experiments as a method of biological 
assay of stilboestrol and the results compared with those previously obtained with 
oestradiol monobenzoate. 

MATERIAL AND METHODS 

Twenty -five adult female guinea-pigs were observed for a period and then ovariecto- 
mized by the standard method through lateral incisions. After an interval of from 
4 to 5 weeks subcutaneous injections of stilboestrol dipropionate* (neo-Oestranol 11, 
Crookes) were given. Vaginal smears were examined at regular intervals after the 
vaginae opened and animals were subsequently killed. At post-mortem examination 
the absence of ovarian tissue was verified and the uterus was observed and removed. 
Thick (100 /x) sections of the middle portion of the uterus were cut and prepared by 
the benzidine method [Bacsich & Wybum, 1940] for the study of the vascular archi- 
tecture. Thin (10 ft) sections were also cut and stained with haemalum and eosin for 
the examination of the histological changes in the endometrium, 

DESCRIPnON 

proup Z. A preliminary experiment was carried out on four animals. They were 
primed with a daily injection of 0*0005 mg. of stilboestrol for 10 days. Results were 
completely negative as the vaginae remained firmly closed. The method of priming 
and the dose given were based on our previous work with oestradiol monobenzoate 
• Referred to as etilboestrol hereafter in description of experiments and results. 
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when, following a daily priming dose of 0-0005 mg. of oestradiol monobenzoate 
(6 i.b.u.), the vaginae opened on the 6th or Gth day [Bacsich & Wyburn, 1941]. 

Group II. In a second series, six animals were primed with daily injections of 
0-001 mg. of stilboestrol and in three animals the vaginae opened on the 8th day. 
These tlirce animals were then given an injection of 0-6 mg. of stilboestrol on two 
consecutive days. Vaginal smears were examined at daily intervals from the 8th to 
the 11th day when the animals were killed. Cornification of the smears was present 
in each case on the 8th day and, after the larger doses, was complete. Autopsy: Uteri 
were enlarged and hyperaemic with apparent segmental distribution of blood vessels. 
Histological examination: In all three animals there was evidence of good uterine 
response such fis endometrial proliferation, enlargement of glands, ete. Vascularity : 
There was. a somewhat increased, but evenly distributed, generalized vascularity 
(Plate 1, fig. 1), although in animal 7 there was evidence of attempted antiraeso- 
metrial hyperaemia, which was, however, confined to but a few sections of the 
sexually active part of the uterus (Plate 1, fig. 2). 

Group III. Three animals were primed with 0-0,025 mg. of stilboestrol per day and 
the vaginae opened on the 6th day. 0-5 mg. of stilboestrol was injected on the 7th 
and 8th days. The early vaginal smears (Gth day) showed a greater degree of cornifi- 
cation than in group II. Autopsy: Uteri were enlarged and hyperaemic. Histological 
examination: Good endometrial response and in one case (animal 11) the uterine 
glands were particularly branched and tortuous. V ascxilarity : There was a uniform 
increased vascularity, but no indication of antimesometrial hyperaemia. 

Group IV. Seven animals were primed Avith 0-0026 mg. of stilboestrol on six con- 
secutive days until the vaginae opened. Thereafter daily injections of 0-6 mg. of 
stilboestrol were given for 6 days. The animals were Idlled on the 12th day. Early 
smears showed cornification, which after the first large dose was 100%. After the 
second and third doses deep epithelial cells and leucocytes appeared, and finally 
the smears became almost completely leucocytic. Autopsy: Uteri much enlarged 
and presented a cyanotic oedematous appearance. Histological examination: AU 
animals had a particularly vigorous endometrial response. Endometrium was greatly 
. thickened and oedematous, uterine epithelium increased in height, uterine glands 
were enlarged, tortuous and occasionally distended mth secretion. Vascularity : Five 
of the animals showed an increased, but evenly distributed, vascularity throughout the 
i sexually active middle poWiion of the uterus. Animal 14 had a more irregular vascular 
response: in some sections there were very hyperaemic or even haemorrhagic areas 
to one or other side, or involving the antimesometrial half, but there was no indi- 
■ cation of a uniform antimesometrial hyperaemia (Plate 1, fig. 3). In animal 15 the 
i sections of the uterus displayed well-marked antimesometrial hyperaemia tliroughout 
! the greater part of the middle portion of the uterus, Avhich contrasted Avith a relative 
avascularity at the antimesometrial pole itself (Plate 1, fig. 4). 
i Group V. Five animals were primed for 6 days wth 0-0026 mg. of stilboestrol. 

' Vaginae opened on Gth day. The animals Avere then given 1 mg. of stilboestrol for 

I 5 days and a few hours after the last injection were given 0-2 mg. of progesterone, 

i Vaginal smears exhibited changes similar to those of animals in group IV. Autopsy: 
i Uteri were again enlarged and cyanotic. Histological examination: The uteri of all 

i the animals showed a good endometrial response, more or less similar to that obtained 
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in animals of the previous group, but on a rather reduced scale. Vascularity: In one 
animal (no. 22 ) there was increased, but evenly distributed, vascularity. Animal 26 
exhibited some occasional portions with good antimesometrial hyperaemia, but 
elsewhere the changes were similar to those in animal 22. In the remaining three 
animals (nos. 21 , 23 , 24 ) there was an antimesometrial hyperaemia involving the 
sexually active middle portion of the uterine horns. As with the endometrial changes, 
the vascular response wms less (Plate 1 , figs. 5 , 6 ) than in animals 14 and 15 , and 
more akin in its moderate degree to the appearance in normal oestrus. 

DISCUSSION 

Spayed guinea-pigs were injected Avith stilboestrol, and, using the vascular response 
as the method of biological assay, the results were compared "with those obtained in a 
former work [Bacsich & Wybum, 1941 ] after injections of oestradiol monobenzoate. 
The methods employed therefore follow closely those adopted in the experiments 
with oestradiol monobenzoate. 

Dosage, It has been shown in a series of comparative studies by a variety of 
authors that stilboestrol is more effective orally than any of the natural oestrogens, 
hut there is no unanimous verdict on the relative potencies following subcutaneous 
injection. Shorr, Robinson & Papanicolaou [ 1939 ] state that stilboestrol is only 
one-third to one -quarter as effective as oestradiol monobenzoate parenterally, and 
Emmens [ 1939 ] working \^th mice arrives at approximately the same conclusion. 
Kreitmar & Sieckmann [ 1939 ] find a biological equivalence for stilboestrol and 
oestradiol monobenzoate in the rat. The figures given by Sondem & Sealey [ 1940 ], 
in a publication dealing with the doses of oestrogenic materials to which castrated 
mice or rats respond, show that parenteraUy oestradiol monobenzoate is four times 
more effective than stilboestrol in mice, while in rats the two substances are equally 
active. Sealey & Sondem [ 1941 ] assayed stilboestrol on immature rats by a divided- 
dose technique and found stilboestrol four times more effective on the uterus and 
vagina than oestradiol: this they impute to the cumulative effect of stilboestrol. 
Matthews, Schwabe & Emery [ 1942 ], from extensive tests on castrate female rats, 
conclude that an alkaline aqueous solution of stilboestrol is thirty times more potent 
i^han an aqueous solution of oestrone, while Lee, Robbins & Chen [ 1942 ] using the 
response of the vaginal introitus of immature rats as their criterion find stilboestrol 
^ be approximately twelve times as active as oestrone when administered orally 
®nd thirty-two times as active when injected subcutaneously. Morrell & Hart [ 1941 ], 
on the other hand, on the basis of the comification of vaginal smears, give the ratio 
of oestrogenic activity of stilboestrol aud oestrone in castrate female rats as 5 : 1 . 
The discrepancy in the results obtained in these experiments in different animals 
implies, as suggested by Atkinson [ 1940 ], that no constant ratio of biological potency 
can be assigned to the different oestrogenic preparations but that this is to some 
extent a variable factor dependent upon the species of animal assayed and the 
method of assay. In the present experiment the minimum dose of stilboestrol 
necessary to ensure vaginal opening in 100 % of cases was 0*0025 mg. daily for 
^ days, whereas it has been found that 0*0005 mg. of oestradiol monobenzoate for 

days sufficed. Therefore, so far as this particular test of biological activity is con- 
cerned, w’eight for w^eight, subcutaneous injection of stilboestrol is about one-fifth as 


cc 


404 


P. BACSICH AND G. M. WYJ3URN 


effective as oestradiol monobenzoato in the guinea-pig. Tlie degree of cornification 
of vaginal smears compares very favourably witli tliat obtained from animals treated 
with oestradiol monobenzoate. In fact, cornification occurs earlier, and following 
injection of larger doses achieves an intensity which is a striking feature of the cell 
picture. It is now appreciated, however [Marrian & Parkes, 1030], that a display of 
cornified cells in the vaginal smear does not necessarily reflect the complete uterine 
response, and that methods of biological assay, dependent only on vaginal reaction 
(such as the Allan-Doisy test) for the standardization of stilboestrol, are no fair index 
of oestrogenic efficiency in ioio. 

In all the animals killed there is an increase in the size of the uterus with endo- 
metrial proliferation and generalized increased vascularity. Such evidences of 
oestrogenic response are now an accepted result of stilboestrol treatment and have 
been described by numerous authors including Dodds, Lawson & Noble [1938] for 
the rabbit, and Palmer & Zuckerman [1939] for the monkey. Of the six animals 
given a daily dose of 0-5 mg. of stilboestrol for 2 days after preliminary priming, five 
show a uniform vascular distribution throughout the uterine sections (Plate 1, fig. 1), 
and in only one animal (no. 7) is there any indication of an antimesometrial liyper- 
aemia (Plate 1, fig. 2), and that only occurs in an odd section. In a former work 
[Bacsich & Wyburn, 1941] similar treatment vdth oestradiol monobenzoate elicited 
a very marked and more constant local vascular response. 

In this earlier investigation, after six daily injectioiis of 0*5 mg. of oestradiol 
monobenzoate all animals showed an emphatic localized vascularity of the antimeso- 
metrial end of the uterus, but of seven animals given the same treatment with 
stilboestrol (group IV) only two (nos. 14 and 15) could be accounted as positive 
results, and even these were in some ways atypical (Plate 1, figs. 3, 4). 

In group V the uteri of three out of five animals (nos. 21, 23 and 24 — ^given a 
total of over 5 mg. of stilboestrol) present a picture of the moderate degree of anti- 
mesometrial h 3 rperaemia which is comparable with that obtained in over 70 % of cases 
after a total dosage of 1 mg, of oestradiol monobenzoate [Bacsich & Wyburn, 1941], 
and resembles the physiological reaction of the normal animal on heat. Obviously 
in this experiment the greater constancy of positive results can be attributed mainly 
to the increase in the amount of stilboestrol injected. On the other hand, as we 
have previously suggested [Bacsich & Wyburn, 1941], the toning down of a too 
vigorous vascular response to oestrogenic stimulation is probably effected by the 
administered progesterone. 

It therefore seems that for the complete uterine response, whicli includes the 
cyclic vascular change, as also for the vaginal opening, in the guinea-pig the ratio 
of biological potency of stilboestrol and oestradiol monobenzoate is 1:5. It should be 
noted, however, that methods of assay based on vaginal cornification, or non-vascular 
endometrial changes of the uterus alone, would denote a 1 ; 1 ratio of oestrogenic 
activity for the two substances. 
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SUJkIMARY 

1, A test of stilboestrol dipropionate was carried out using the vascular response 
of the uterus of spayed guinea-pigs as the method of biological assay. 

2. The results are compared with those of previous similar experiments with oestra- 
diol monobenzoate. 

3. Stilboestrol dipropionate can evoke the complete oestrogenic response in the 
spayed female guinea-pig including the characteristic vascular change. 

4, The effective dose of stilboestrol dipropionate is five times greater than that 
of oestradiol monobenzoate. 

We wish to acknowledge the helpful criticism of Professor D. M. Blair, and a grant 
from the Rankin Medical Research Fund in aid of the expenses. Neo-oestranol II 
was kindly supplied by IMessrs Crookes Laboratories and the progesterone (Proluton) 
by Messrs Schering, Ltd. 
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EXPLANATION OF PLATE 1 

All illustrations are untouched microphotographs of cross -sections of the sexually active (middle) portion 
of the uteri of spayed guinea-pigs, stained by the benzidine reaction. Magnification x 18, Lower part 
of pictures represents the an timesome trial and the upper the mesome trial portions of the uteri. 

^10. 1. Group n. Animal 5. Somewhat increased, but evenly distributed, generalized vascularity. 

^■ 10 . 2. Group II. Animal 7. Attempted ant imesome trial hyperaemia confined to a few sections of the 
sexually active part of uterus, 

Fio. 3. Group IV. Animal 14. Irregular vascular response. Haemorrhagic areas involving the anti- 
niesometrial half of the uterus. 

Fio. 4. Group TV. Animal 15. Well-marked antimesometrial hyperaemia of side walls, while anti- 
*nesometrial pole is relatively avascular, 

Fios. 5, 6. Group V. Animals 21, 24. Vascular response approximating in its moderate degree the 

desired physiological ideal. r a 
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